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ABSTRACT 
 
The aim of this research is to analyze the role of gender on scholastic achievement in Brazil, 
emphasizing inequalities and peer effects. These issues are analyzed in five chapters, 
including the introduction and the concluding remarks. We start by briefly describing gender 
inequality in terms of math and literacy achievements in Brazil, focusing, mainly, on 5th and 
9th grade students. We observe that boys tend to outperform girls in math, a relation that 
reverses in literacy and, furthermore, that these inequalities increase in more advanced 
schooling years. The second chapter aims to investigate the factors associated with these 
differences, exploring students’, teachers’ and schools characteristics in two different types of 
decomposition methods, one that explores differences in mean achievement and another that 
assesses the entire test score distribution. The results indicate that despite boys and girls 
having similar family and socioeconomic characteristics, the main contributor towards the 
learning differences is the return of these characteristics in terms of test scores for each of the 
two genders, which, therefore, reduces the role of teachers’ and schools in diminishing these 
inequalities. The third chapter deals with peer effects in 5th grade Brazilian public schools. It 
investigates the casual relationship between the proportion of girls at school and learning. We 
identify a positive relation between test scores and the proportion of girls in literacy and, 
mainly, in math, a subject that girls tend to be outscored by boys. This, in fact, draws attention 
to the fourth chapter, which seeks to elucidate the mechanisms behind this influence. We 
verify that the benefits of having a greater proportion of girls are mainly through 
improvements in student behavior, which reflects in less violence, greater teacher 
expectations over the student’s academic future, and facilitates classroom progress. In terms 
of public policies, this research draws attention to gender as an important factor in the 
allocation of students and teachers within schools. Therefore, the consideration of our 
findings in the formulation and execution of policies can result in effective and low cost 
measures aimed at increasing scholastic achievement. 
 
Keywords: Gender inequality. Academic achievement in Brazil. Peer effects. 
  
  
RESUMO 
 
O objetivo desta pesquisa é analisar o papel do gênero no aprendizado escolar no Brasil, 
enfatizando desigualdades e o efeito de pares. Essas questões foram analisadas em cinco 
capítulos, incluindo a introdução e as considerações finais. Inicia-se com uma breve descrição 
sobre a desigualdade de gênero em termos de aprendizado de matemática e português no 
Brasil considerando, principalmente, os alunos de 5º e 9º ano. Observa-se que os meninos 
tendem a se sair melhor em matemática que as meninas, uma relação que se inverte para 
português e, ainda, que estas desigualdades aumentam nos anos escolares mais avançados. O 
segundo capítulo visa investigar os fatores associados a estas diferenças, explorando 
características dos alunos, professores e escolas através de dois métodos diferentes de 
decomposição, uma que explora a diferença de média dos resultados e outra que analisa toda a 
distribuição de notas. Os resultados indicam que apesar de meninos e meninas possuírem 
características de contexto socioeconômico e familiares parecidas, o principal fator 
contribuinte para as diferenças de aprendizado está no retorno destas características em 
termos de nota para cada um dos dois gêneros, o que, portanto, reduz o papel do professor e 
da escola na diminuição destas desigualdades. O terceiro capítulo trata do efeito de pares no 
aprendizado do 5º ano das escolas públicas brasileiras. Ele investiga, de maneira causal, a 
relação entre a proporção de meninas na escola e o aprendizado. Identifica-se uma relação 
positiva entre notas e a proporção de meninas em português e, principalmente, em 
matemática, uma disciplina cujas meninas tendem a se sair piores do que os meninos. Isto, 
portanto, chama atenção para o tópico do quarto capítulo, que busca elucidar mecanismos por 
trás desta influência. Verifica-se, portanto, que o efeito positivo das meninas ocorre via 
comportamento, o que se reflete em menor violência, maior expectativa dos professores sobre 
o futuro escolar dos alunos e facilita o andamento da classe. Diante disso, em termos de 
políticas públicas, o trabalho chama atenção para o gênero como fator importante na alocação 
de alunos e professores dentro da escola. Assim, levar os resultados aqui apresentados em 
consideração na formulação e execução de políticas pode resultar em medidas efetivas e de 
baixo custo voltadas para o aumento do aprendizado escolar. 
 
Palavras-chave: Desigualdade de gênero. Aprendizado no Brasil. Efeito de pares. 
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1 INTRODUCTION 
 
Over the past decades, basic education in Brazil progressed by increasing the number 
of students in schools and on knowledge, as documented by national and international 
evaluation tests (SOARES; NASCIMENTO, 2011; SOARES; DELGADO, 2016). However, 
the country still lags considerably behind OECD average and performs worse than countries 
with similar spending per student (OECD, 216). 
The search for improvements on school efficacy and efficiency in Brazil has led 
researchers to emphasize the impact of students’ socioeconomic background (FRANCO; 
MENEZES-FILHO, 2008; BIONDI; FELÍCIO, 2007), school quality (SOARES; CANDIAN, 
2007; SOARES et al.; 2016) and inequalities (SOARES; DELGADO, 2016; ALVES et al., 
2016) on their education performance.  
This thesis contributes to such literature by focusing on two determining aspects of the 
Brazilian education system, namely, gender and peer effects. In regard to gender, we first 
identify the factors associated with gender inequality on Math and Portuguese achievement. 
Then, with respect to peer effects, we examine the influence of the proportion of girls on test 
scores and, lastly, the possible channels through which the gender composition influences 
these test scores. 
We focus on 5th and 9th grade students when assessing gender inequalities as these are 
the two population-based schooling grades surveyed by the Brazilian Ministry of Education 
and we seek to identify differences on these inequalities by schooling grades, as the related 
literature indicates that sex differences on academic achievement grows with school progress 
(BUCHMANN et al., 2008). As to peer effects, our emphasis is exclusively on 5th grade and 
at the school level, since we pursue a casual effect and, therefore, need to avoid biases arising 
from the fact that parents, teachers and school authorities may have some discretion in placing 
students in different classes within a grade. The two topics of this thesis, namely, gender 
inequality on achievement and peer effects are scarcely explored in the Brazilian literature. As 
to inequality, authors have discussed it in a range of aspects, such as wage differentials 
(KASSOUF, 1998; MADALOZZO 2009), occupational segregation (RASCHE JÚNIOR, 
2015; MADALOZZO; ARTES, 2017), and on the decision between work and study 
(TILLMANN; COMIM, 2016). However, few studies have investigated gender differences on 
academic achievement. With regards to peer effects, apart from Pinto (2008), Firpo, Jales and 
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Pinto (2015), very few papers that discussed the issues of identification and estimation of peer 
effects. 
Our results with regards to inequality indicate that girls and boys have very distinct 
educational production functions, that is, despite the fact that students of both genders have 
similar background characteristics, the way that they translate their background characteristics 
into achievement accounts for the majority of the test score differences in math and literacy. 
This effect, which is captured by the unexplained component of the Oaxaca-Blinder 
decomposition, favors girls in literacy and boys in math. 
Moreover, our findings suggest that the proportion of girls positively affects Math and 
Portuguese test scores of boys and girls on 5th grade. Despite the fact that these effects are 
quite similar, they are slightly larger for Math, a subject that girls, on this level of education, 
tend to be outperformed by boys. This, in turn, suggests that the gender peer effects are not 
exclusively associated with spillovers that arise from having higher achieving peers. We 
further explore this topic on our third paper and identify that the benefits of having a greater 
proportion of girls are mainly through improvements in student behavior, which reflects less 
violence, greater teacher expectations over the student’s academic future, and facilitates 
classroom progress. 
Before we proceed to the three papers, the next subsection depicts the context of the 
gender inequality in academic achievement in Brazil. 
 
1.1 ACADEMIC ACHIEVEMENT AND GENDER IN BRAZIL 
 
This subsection aims to briefly describe the gender differences in Brazilian elementary 
education. The idea is to motivate the reader and build the background on which the three 
papers that constitute this thesis are going to be based on. We use data from the biannual 
National Basic Education Assessment System (SAEB)1, an assessment from the Brazilian 
Ministry of Education that gathers information on schools, students, teachers and principal, 
allowing policymakers and researchers to track and assist on the evolution of the educational 
system. We focus our overview mostly to the latest year of our sample, 2015, and to the 5th 
and 9th grades, which constitute the emphasis of this thesis.  
                                                 
1 First created in the early 90’s, it later changed its name in 2005, when it began to include two kinds of 
assessment: ANEB, which is a sample-based assessment keeping trends from the former SAEB, and Prova 
Brasil, a population-based assessment of public schools. 
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Figure 1.1, below, shows estimates of the gender gaps2 in Math and Portuguese, that 
are the two subjects which the SAEB constantly evaluates in Brazilian students. 
  
Figure 1.1 - Math and Portuguese gender gaps in Brazil (1995-2015). 
 
a) Math gender gap. 
 
b) Portuguese gender gap. 
Source: Elaborated by the authors using SAEB (1995-2015).  
 
The gender differences on mean achievement are quite stark. In Math, as shown by 
Figure 1.1a, boys always outperform girls, and there is a clear distinction between the three 
different grades. That is, the more advanced the grade is, the greater is the gap. These findings 
are in accordance with many developed and developing countries, and with the literature that 
highlight the fact that the Math gap increases with schooling grades (BEDARD; CHO, 2010; 
BHARADWAJ et al., 2016; CONTINI et al., 2017). Also, Figure 1.1 shows that for Brazil, 
the differences are quite stable throughout the years, and show only a slight tendency of 
decreasing.  
As for literacy, girls outperform boys on all years and grades, expect for the 3rd grade 
of upper secondary school on the first year of the assessment. This tendency of girls to 
outscore boys in language is also found in many other countries (HUSAIN; MILLIMET, 
2009; BUCHMANN et al., 2008). The distinction between the grades, however, is less clear 
than in Math, and the tendency is towards an increase of the gender gap. Note that after 2005, 
the year the assessment became population-based, the grade differences became more distinct, 
being the widest gap, as in Math, observed for the last year of compulsory education and the 
narrowest, in contrast, is among 9th graders. 
The literature that investigates gender inequalities in educational performance has put 
forward various explanations for these gender differences in math and literacy. School and 
family characteristics (BERTRAND; PAM, 2013; BAKER; MILLIGAN, 2016), as well as 
                                                 
2 Calculated by the differences between boys and girls. 
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biological (CAHILL, 2006) and psychological factors (SPELKE, 2005; SAX; 2005; 
GOLSTEYN; SCHILS, 2014) have been associated with gender disparities in schooling 
outcomes. Moreover, Tinklin (2003), points to the role of peers in school, among the factors 
that also affect gender differences. A better assessment of this literature, however, 
extrapolates the goal of the present chapter, but will be the main focus of the remainder of this 
thesis. 
Figure 1.2 and 1.3, looks beyond the mean and plots3 the distribution of test scores for 
5th and 9th grades in 20154. 
 
Figure 1.2 - Math density distributions of 5th and 9th graders test scores in 2015. 
 
a) 5th grade. 
 
b) 9th grade. 
Source: Elaborated by the authors using SAEB (2015).  
 
The shapes of the density distributions on Figure 1.2 indicate that boys tend to perform 
more unequally in Math than girls, on both grades. This is shown by the fact that the blue 
density curve, that represents boys test scores, is lower than the red, which represents girls. 
Nonetheless, as already described by Figure 1.1, the boys test scores density is slightly more 
to the right than the ones for girls, indicating a higher mean for male students. 
The differences, however, are more accentuated when we look at the Portuguese test 
score distributions, as seen in Figure 1.3. 
 
 
 
 
 
                                                 
3 We also perform t-tests, to assess whether the differences on the mean are statistically significant, and 
Kolgomorov-Smirnov equality of distribution tests on all shown distributions. All results indicate statistical 
significant differences at the 1% level.  
4 We focus only on 2015 because of its similarity with earlier years.  
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Figure 1.3 - Portuguese density distributions of test scores in 2015, 5th and 9th graders. 
 
a) 5th grade 
 
b) 9th grade 
Source: Elaborated by the authors using SAEB (2015).  
 
Now, the density curves for the girls on both grades are the ones more to the right, in 
accordance with their relative superior performance. A comparison between the 9th grade 
densities for the two genders shows that, not only girls outperform boys, but since their 
density is taller and therefore more concentrated around the mean, their overall performance 
is better. 
The setting depicted by the Math and Portuguese test scores density distributions is 
similar to the one described by Ellison and Swanson (2010) for the United States, where the 
gender gap in Math skills widens at the top of the distribution and, for languages, girls have 
advantage in reading and language across the full distribution. 
Further, we further explore the gender gaps by calculating the boys-girls ratio in 
selected parts of the test score distribution, in such a way that we are able to better scrutinize 
gender differences for each subject and graded. 
 
Table 1.1 - Ratios boys-girls by grade in Brazil (2015). 
  Math Portuguese 
  
5th grade 
primary 
school 
9th grade 
secondary 
school 
3rd grade 
secondary 
school 
5th grade 
primary 
school 
9th grade 
secondary 
school 
3rd grade 
secondary 
school 
Enrollment 1.038 0.923 0.798 1.038 0.923 0.798 
Bottom 1% 1.184 0.896 0.587 1.734 2.434 1.363 
Bottom 5% 1.127 0.793 0.622 1.667 2.178 1.364 
Below Median 0.999 0.766 0.627 1.281 1.168 0.886 
Above Median 1.075 1.107 1.002 0.851 0.731 0.718 
Top 5% 1.381 1.428 1.727 0.761 0.628 0.653 
Top 1% 1.483 1.621 2.371 0.778 0.605 0.765 
Source: Elaborated by the authors using SAEB (2015).  
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Table 1.1 shows, first, that the SAEB sample, at least in the number of girls and boys, 
becomes less balanced as the grades advance. This can be associated with the fact that in 
Brazil there is a high opportunity cost of schooling, especially for males, in such a way that 
they are more prone to leave school and start their work life earlier than girls (CORSEUIL et 
al., 2012).  
With regards to achievement, Table 1.1 shows that the Math gap increases with the 
advancement of grades. More specifically, among the Top 1% performers in Math, there is 
almost 1½ boy for each girl on 5th grade. A number that increases to just below 2½ boys for 
each girl on the last grade of compulsory school. As to Portuguese, in contrast to Math, girls 
outperform boys and, therefore, are the majority on all upper tail of the test scores 
distributions. However, the difference is relatively more stable than the one for Math. 
The literature on gender differences in test scores is not conclusive as to when in the 
life course gender differences in performance emerge (LEAHEY; GUO, 2001; BAKER; 
MILLIGAN, 2016), and whether sex differences in test scores are changing over time (HYDE 
et al., 1990; HEDGES; NOWELL, 1995; FRYER; LEVITT, 2010). However, the literature 
has pointed out by that social and cultural gender-biased environments (GUISO et al., 2008; 
DICKERSON, MCINTOSH, VALENTE, 2015) are contributors to the gap. Moreover, Guiso 
et al. (2008) finds that the gender gap in math disappears in more gender-equal societies, 
because girls improve their test scores, while the gap on literature expands.  
Lastly, we rank boys and girls by test score performance and compare the percentiles 
of each Math and Portuguese distribution in 2015. 
 
Figure 1.4 - Quantile differences on Math achievement. 
 
a) 5th grade. 
 
b) 9th grade. 
Source: Elaborated by the authors using SAEB (2015).  
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Figure 1.4 indicates that among the low achievers in Math, boys and girls tend to 
perform very similarly. In 5th grade, among the bottom 20% of test scores, girls outperform 
boys, as shown by the values below zero on Figure 1.4a. This, therefore, reverses the usual 
gender gap, as depicted before on our analysis. However, as we further explore the differences 
among the high achieving students, the gap between boys and girls increases. When we look 
at Figure 1.4b, for 9th graders, even comparing lower performers, boys score higher than girls, 
and the gap, despite relatively stabilizing and even decreasing amongst the top 50% 
performers, is much greater than on 5th grade, as shown by the scale of both gap axis.  
When we explore Portuguese test scores, as shown on Figure 1.5, the gap is more U-
shaped, that is, lower and high achievers have more similar performance than the ones on the 
middle of the distribution. Note, however, that in comparison to the Math analysis, the gap is 
much wider in Portuguese, as shown by the scale on the graph.  
 
Figure 1.5 - Quantile differences on Portuguese achievement. 
 
a) 5th grade 
 
b) 9th grade. 
Source: Elaborated by the authors using SAEB (2015).  
 
This subsection gave an overview of the gender gap in Brazilian education. The 
differences described here strongly influenced the construction and assembly of this thesis. 
The following three papers build upon this description and further analyze the sources of 
inequities and the influence of gender composition on achievement. That is, in the first paper 
of this thesis we seek to identify the factors associated with gender inequality on the Brazilian 
education system. In the second, we explore if the assignment to a school with a higher 
proportion of girls influences test scores and, lastly, try to uncover possible channels through 
which the gender composition influences these test scores. The last chapter presents the 
concluding remarks.  
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2 ASSESSING THE GENDER GAP ON ACADEMIC ACHIEVEMENT IN 
BRAZIL 
 
This first essay of the present thesis assesses the gender gap on academic achievement 
in Brazil.  
 
2.1 INTRODUCTION 
 
The issue of gender inequality is a concern among researchers and policymakers. 
Throughout much of the developing world, women tend to be disadvantaged in terms of job 
opportunities and wages (WORLD BANK, 2012). Nevertheless, researchers have identified 
the importance of women in improving economic efficiency in terms of growth, as well as 
human welfare (SCHULTZ, 2002). 
In the scope of Brazil, authors have discussed the theme of gender inequality in a 
range of aspects, such as wage differentials (KASSOUF, 1998; MADALOZZO, 2009), 
occupational segregation (RASCHE JÚNIOR, 2015; MADALOZZO; ARTES, 2017), and on 
the decision between work and study (TILLMANN; COMIM, 2016). However, few studies 
have investigated gender differences on academic achievement. 
Interestingly, recent studies have noted the inexistence of gender gaps in achievement 
at earlier ages, but that test scores differences arises and intensifies with age (FRYER JR; 
LEVITT, 2010). This, in turn, suggests that these gaps may not be related to intrinsic distinct 
characteristics between males and females, paving the way for researchers who seek to 
identify the main features behind the these differences. That is, the emergence of test score 
gaps between boys and girls might be related to distinctions in the learning process of both 
genders, and, therefore, associated with observable educational characteristics, such as those 
of family, teachers and schools. 
In order to assess this possibility, we apply the Oaxaca-Blinder decomposition 
technique (OAXACA, 1973; BLINDER, 1973) that allow us to measure how much of the 
mean gap between girls and boys depends on differences in endowments, and how much of it 
is attributable to differences in the return of those endowments, namely in the unexplained 
component. An extension of this method is the Recentered Influence Function (RIF) proposed 
by Fortin et al. (2011) and Firpo et al. (2009) which allows us to study the contribution of 
specific covariates at different parts of the test scores distributions. 
17 
 
The core idea of these decomposition methods1 is to explain the distribution of test 
scores by a set of factors that are correlated with educational achievement. The gap is, 
therefore, decomposed into a part that is due to gender differences in the magnitudes of the 
determinants of the test score in question, and gender differences on the effects of these 
determinants. This, in turn, help us to identify if the gap is related to differences between boys 
and girls in resources, or whether they are due to differences in the way boys and girls use 
these resources for school success. This can be an important guide for policies, since one that 
aims to diminish inequality between the two genders might have a limited effect in raising 
performance if it focuses only on the distribution of resources, and not on their use. This 
paper aims to investigate the factors associated with gender differentials in Math and 
Portuguese academic achievement in Brazil. We use the two already mentioned types of 
decomposition methods and apply them to a pool of four cohorts of 5th graders, and to a pool 
of 9th graders. The idea is to assess students, teachers and schools characteristics in order to 
identify the sources of these gaps, and to verify if there is any difference between the two 
grades. 
We contribute to the existing literature, first, by exploring the factors associated with 
differences on gender achievement in Brazil. Also, we contribute by employing mean and 
quantile decomposition analysis to identify covariates contributing to the gender gap at 
various points in the test scores distribution. 
Our results, overall, indicate that boys perform relatively better in math than girls, an 
advantage that reverses in literacy. Besides that, we highlight that boys and girls have very 
distinct educational production functions, as the unexplained or coefficient component of the 
Oaxaca-Blinder decomposition, which corresponds to the way they translate their background 
characteristics into achievement, is responsible for the greater bulk of both gaps. Also, from 
the aspects that we are able to measure, we identify that the students characteristics are the 
main constituents of this coefficient component. Moreover, by employing the extension of the 
Oaxaca-Blinder decomposition, we verify that in all percentiles boys and girls tend to perform 
relatively more equally in Math than in Portuguese, and on 5th grade than on 9th. In sum, our 
results show that regardless of the distributional statistic, the majority of the gender difference 
is related to how boys and girls translate their background characteristics into achievement, 
and not to their characteristics in itself. 
                                                 
1 Two elucidative descriptions of decomposition methods can be found on Firpo (2017) and O’Donnel et al. 
(2008).  
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The rest of the paper is structured as follows. The next section presents our dataset and 
describes the two decomposition techniques we use. Section.3 presents the results, separated 
by each method. Section 4 contains the concluding remarks. 
 
2.2 DATA DESCRIPTION AND METHODS 
 
This subchapter describes the data and the methods we apply on this essay. 
 
2.2.1 Data 
 
This paper uses four cohorts of the Brazilian Ministry of Education assessment of 
Math and Portuguese learning for 5th graders and, also, for 9th graders in public schools (2009, 
2011, 2013 and 2015). This assessment is biannual, and includes questionnaires for 
Principals, Teachers, Students and of School characteristics. The students’ questionnaire 
includes detailed socioeconomic information and a Math and Portuguese test. The Teachers’ 
questionnaire, besides having their background information, has also questions regarding their 
contract with the school, and other work related questions. We also match the dataset from 
these four assessments to the corresponding Brazilian Education Census, in order to obtain 
data on school infrastructure. 
The variables we use on our estimates are based on other studies that try to identify 
student school success in Brazil, such as Franco and Menezes-Filho (2008), Biondi and 
Felício (2007), Soares and Candian (2007) and Soares et al. (2016). Therefore, the students 
characteristics2 we are interested in are race, which is defined by white or non-white, if the 
student has the expected age for this grade, if lives with his mom and dad, if he or she works, 
if performs more than one hour of domestic tasks, if attended kindergarten, if he or she lives 
in an urban area, if he or she does the Math or Portuguese homework and if at least one of the 
parents have a graduate degree, we also include two indexes3, a socioeconomic status index 
(SES), which takes into consideration the number of bedrooms, bathrooms, computers, cars 
and televisions in the student household, and an index for family involvement with the 
student, which takes into consideration if whether the parents attend school meetings, if they 
talk about what happened at school and, if they incentive the student to study, go to school 
                                                 
2 Table 1A in the Appendix contains all variables we use in this study and their description. 
3 Both indexes are built from the first component of Principal Component Analysis, a procedure commonly used 
as a dimensionality reduction technique. 
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and read. The school characteristics are if at the beginning of the school year the students had 
their books and an infrastructure quality index which consists of if the school has a computer 
lab, a science lab, a sports gym, a library and a reading room. The teachers characteristics are 
sex, that is, if the teacher is female, if he or she has a graduate degree, if works in another 
activity besides teaching, if he or she has more than 10 years of experience, if works more 
than 40hrs a week and if whether he or she have a permanent teaching contract. We also 
include year dummies and for each of the five Brazilian regions in our estimations.  
Table 2.1, below, presents descriptive statistics4 of the number of students and test 
scores for 5th and 9th graders. 
 
Table 2.1 - Descriptive Statistics of sample Math and Portuguese test scores. 
    Students Mean Std Dev 10th 50th 90th 
5th grade Math Boys 1994489 221.42 48.50 159.34 219.42 286.62 
 
Girls 2075855 215.82 46.06 158.30 212.89 278.07 
5th grade Portuguese Boys 1999704 198.03 46.51 139.09 195.17 260.91 
 
Girls 2081876 206.37 46.63 146.09 204.85 268.60 
9th grade Math Boys 1640355 253.71 46.64 191.75 254.00 313.70 
 
Girls 1933266 244.70 44.40 187.63 243.04 303.09 
9th grade Portuguese Boys 1628734 238.68 47.59 174.94 238.83 301.38 
  Girls 1920328 251.32 45.32 190.61 252.43 309.87 
Source: Elaborated by the authors using SAEB (2009-2015).  
 
As we can see from Table 2.1, the number of girls and boys are fairly well distributed 
in 5th grade, and there are a slight higher number of girls at 9th grade. Also, girls tend to 
perform worse than boys in Math, a difference that is greater at the highest grade. However, 
girls tend to outperform boys on language, a difference that is also increasing with the grade. 
All the percentiles tend to reproduce these patterns, the exception is the lowest percentile in 
Math for 5th graders, where the gender difference is almost negligible. 
 
2.2.2  Empirical Specifications 
 
Our primary objective is in how the characteristics of boys and girls influence their 
Math and Portuguese performance. In addition, it is also important to examine if there is any 
difference when we consider older students, by including a more advanced grade. In order to 
attend our goals, we first employ the traditional Oaxaca-Blinder decomposition (OAXACA, 
                                                 
4 A more detailed version of this table is on Table 2A, on the Appendix. Descriptive statistics of the other 
variables used in this study are on Table 3A and 4A, also on the Appendix. 
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1973; BLINDER, 19743), a counterfactual decomposition technique, which estimates a linear 
education production function for each gender, such as: 
 
𝑌𝑖𝑗 = 𝛼𝑗0 + ∑ 𝑋𝑖𝑘𝛽𝑗𝑘
𝐾
𝑘=1
+ 𝑒𝑗𝑖 2.1 
 
Where 𝑌𝑖 is the Math of Portuguese tests scores of each i individual and j gender, boys 
or girls, and, as discussed above, 𝑋𝑖𝑘 is the vector of the K covariates we use in this paper. 
Therefore, the overall mean difference in outcomes between boys and girls can be written as: 
 
𝐸[𝑌𝑖𝑏/𝑋𝑖𝑏] − 𝐸[𝑌𝑖𝑔/𝑋𝑖𝑔]  = (?̂?𝑏 − ?̂?𝑔) + (∑ ?̅?𝑏𝑘?̂?𝑏𝑘
𝐾
𝑘=1
− ∑ ?̅?𝑔𝑘?̂?𝑔𝑘
𝐾
𝑘=1
) = ∆ 2.2 
 
If we add and subtract ∑ ?̅?𝑏𝑘
𝐾
𝑘=1 ?̂?𝑔𝑘, ∆ can be rewritten as a sum of two different 
components: 
 
∆= ∑(?̅?𝑏𝑘 − ?̅?𝑔𝑘)
𝐾
𝑘=1
?̂?𝑔𝑘 + [(?̂?𝑏 − ?̂?𝑔) + ∑ ?̅?𝑏𝑘
𝐾
𝑘=1
(?̂?𝑏𝑘 − ?̂?𝑔𝑘)] 2.3 
 
The first term on the right hand side of the equation is called the characteristics or 
explained effect, as it portrays the differences on the distributions of the covariates between 
the two genders. The second term is called the coefficient or unexplained effect, since it 
reflects differences on the returns of each characteristic, between boys and girls. Note, that 
both these elements rely on ∑ ?̅?𝑏𝑘
𝐾
𝑘=1 ?̂?𝑔𝑘, a counterfactual estimate or, in other words, how 
boys would score on their Math and Portuguese tests if they had the same estimated 
coefficients as girls. 
One issue regarding this technique is due to the identification of the contribution of 
categorical variables. The problem is that the choice of the reference group affects the 
decomposition results5. We are able to contour this issue using normalized regressions, a 
method proposed by Yun (2005) that consists in expressing the effects as deviations from the 
mean. 
                                                 
5 For more information see Jann (2008). 
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Another limitation of Oaxaca-Blinder decomposition, as discussed by Barsky et al. 
(2002), is that they may not provide consistent estimates of the coefficients and characteristics 
effect when the conditional mean is a non-linear function. This happens because the 
counterfactual mean will not be equal to ∑ ?̅?𝑏𝑘
𝐾
𝑘=1 ?̂?𝑔𝑘. One possible solution to this problem 
is to use a reweighting approach as in DiNardo, Fortin and Lemieux (1996) that reweight the 
sample of boys so that the distribution of their characteristics is similar to that of girls, using 
the following reweighting function:  
 
𝜓(𝑋) =
𝑃(𝑔 = 1/𝑋)/𝑃(𝑔 = 1)
𝑃(𝑔 = 0/𝑋)/𝑃(𝑔 = 0)
 2.4 
 
Where 𝑃(𝑔 = 1/𝑋) represents the probability of a student being a girl and, 𝑃(𝑔 = 0) 
and 𝑃(𝑔 = 1), are, respectively, the samples proportions of boys and girls. The reweighting 
factor is then applied to the boys sample to calculate the counterfactual test score distribution. 
Firpo et al. (2009), Fortin et al. (2011) and Chernozhukov et al. (2013) expand the 
Oaxaca-Blinder decomposition of the means and provide a comprehensive approach to study 
the entire distribution function. Their method consists of two stages. First, by transforming the 
outcome variable, using influence functions, in order to obtain what they call Recentered 
Influence Function (RIF), which can be computed for most distributional statistics and, 
therefore, allows their decomposition to assess quantiles, variance, and even inequality 
measures. The second stage uses these estimates to generate Oaxaca-Blinder decomposition 
for the measures of interest.   
The approach, in its simplest form, assumes that the conditional expectation of the 
𝑅𝐼𝐹(𝑌; 𝑄𝑡) can be modelled as a linear function of the explanatory variables: 
 
𝐸[𝑅𝐼𝐹(𝑌; 𝑄𝜏)/𝑋] = 𝑋𝛾 + 𝜀 2.5 
 
Nonetheless, the RIF function can be defined as: 
 
𝑅𝐼𝐹(𝑌; 𝑄𝜏) = 𝑄𝜏 +
𝜏 − 𝑰(𝑌 ≤ 𝑄𝜏)
𝑓𝑌(𝑄𝜏)
 2.6 
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Where 𝑰(𝑌 ≤ 𝑄𝜏) is an indicator variable for whether the outcome variable is smaller 
or equal to the quantile 𝑄𝜏. Running a linear regression of 𝑰(𝑌 ≤ 𝑄𝜏) on X is a distributional 
regression estimated at 𝑦 = 𝑄𝜏. 
According to Fipo, et al. (2009) to run regressions of the RIF on the vector of 
covariates one should plug in the estimates of the sample quantile, ?̂?𝜏, and of the density at 
that point, 𝑓(?̂?𝜏), into Equation 2.6. Letting the coefficients of the unconditional quantile 
regressions for each group be: 
 
𝛾𝑔,𝜏 = (∑ 𝑋𝑖𝑋𝑖
𝑇
𝑖∈𝐽
)
−1
∑ 𝑅𝐼?̂?(𝑁𝑗𝑖; 𝑄𝑗,𝜏)𝑋𝑖
𝑖∈𝐽
 2.7 
  
We can write the equivalent of the Oaxaca-Blinder decomposition for any 
unconditional quantiles as: 
 
∆̂= ?̅?𝑏(?̂?𝑏,𝜏 − 𝛾𝑔,𝜏) + (?̅?𝑏 − ?̅?𝑔)𝛾𝑔,𝜏 2.8 
 
The right hand side of Equation 2.7 displays the coefficient and the characteristics 
effect. The identification of these effects by quantile, allow us to analyze, with greater detail 
the influence of the students, schools, teachers and families in Math and Portuguese 
achievement. However, the two already mentioned issues regarding the Oaxaca-Blinder 
decomposition, namely, the identification of categorical variables and the nonlinearity of the 
conditional expectation, may hold in RIF regressions, hence, we also apply normalized 
regressions and Dinardo, Fortin and Lemieux (1996) reweighting approach to perform this 
analysis.  
 
2.3 RESULTS 
 
This subchapter describes the results of the present essay. 
 
2.3.1 Oaxaca-Blinder decomposition 
 
In order to assess whether test score determination process differs according to gender, 
Table 2.2 shows how much of the difference in achievement between the two genders is 
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explained by the changes in characteristics or due to the estimated coefficients. It is important 
to highlight that we calculate the difference with girls as the reference group, therefore the 
gap is positive if it favors boys and negative otherwise. 
 
Table 2.2 - Oaxaca-Blinder decomposition 5th and 9th grade students in Brazil (2009-2015). 
  5th grade 9th grade 
  Math Portuguese Math Portuguese 
Boys 221.419*** 198.055*** 253.714*** 238.693*** 
 
(0.131) (0.111) (0.124) (0.117) 
Girls 215.816*** 206.411*** 244.695*** 251.339*** 
 
(0.128) (0.111) (0.118) (0.110) 
Difference 5.603*** -8.356*** 9.019*** -12.646*** 
 
(0.068) (0.064) (0.082) (0.077) 
Explained -0.032 -0.190*** 0.232*** 0.215*** 
 
(0.028) (0.028) (0.025) (0.026) 
Students -0.023 -0.165*** 0.013 -0.029 
 
(0.020) (0.020) (0.019) (0.020) 
Teachers 0.002 0.002 -0.002 -0.001 
 
(0.003) (0.003) (0.002) (0.002) 
Schools 0.004 0.005* 0.015*** 0.019*** 
 
(0.002) (0.003) (0.004) (0.003) 
Regions 0.007 0.008 0.003 0.013 
 
(0.013) (0.010) (0.011) (0.010) 
Year -0.022*** -0.041*** 0.204*** 0.212*** 
 
(0.005) (0.009) (0.014) (0.015) 
Unexplained 5.635*** -8.166*** 8.786*** -12.860*** 
 
(0.063) (0.057) (0.078) (0.073) 
Students 1.663*** -0.575** 2.517*** 3.604*** 
 
(0.246) (0.226) (0.251) (0.243) 
Teachers -0.014 -0.356*** -0.173 0.200 
 
(0.115) (0.117) (0.168) (0.171) 
Schools 0.071* 0.028 -0.003 -0.077* 
 
(0.039) (0.038) (0.037) (0.039) 
Regions -0.370*** -0.286*** -0.961*** -0.709*** 
 
(0.040) (0.038) (0.056) (0.053) 
Year 0.083*** 0.001 -0.080*** -0.056*** 
 
(0.009) (0.009) (0.017) (0.018) 
Intercept 4.202*** -6.978*** 7.487*** -15.822*** 
 
(0.266) (0.248) (0.319) (0.311) 
Observations 4070344 4056137 3573621 3538880 
Robust standard errors clustered at the school level in parentheses * p < 0.10, 
** p < 0.05, *** p < 0.01. 
Source: Elaborated by the authors using SAEB (2009-2015).  
 
As we can see from Table 2.2, boys and girls have different educational production 
functions for Math and Portuguese. The gender gaps on achievement are mostly due to the 
unexplained, or coefficient component of the Oaxaca-Blinder decomposition, but have 
opposite signs when we compare the two subjects. Moreover, the mean differences on 
achievement are smaller for 5th graders. This conclusion is in accordance with the idea that the 
gap widens with age, as pointed out by Fryer and Levitt (2010) and Bedard and Cho (2010). 
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In general, however, the results show that a greater part of the gender gap is not due to 
endowments and is more associated with the return of these characteristics, especially the 
ones related to student background and to the intercept. Interestingly, studies for developed 
countries have found a greater role of the endowments on achievement (LE; NGUYEN, 2018; 
GEVREK; SEIBERLICH, 2014; SOHN, 2012). International studies have also encountered a 
large part of the gender test score gap being explained by the intercept (LE; NGUYEN, 2018; 
GOLSTEYN; SCHILS, 2014). Our results show that the endowments part of the gender test 
score differences of 5th grades is only statistically significant in Portuguese and, indicates that 
the individual characteristics of girls help them outperform boys at literacy. As to the 
unexplained component, the detailed decomposition, as shown in small letters of Table 2.2, 
highlights that the differences rely not only on the intercept, but also on the corresponding 
characteristics of students and schools. In literacy, all of the grouped variables show an 
improvement of girls relative to boys on achievement, therefore contributing to widen the gap. 
Nonetheless, the return to individual characteristics in Math contributes a better performance 
of boys relative to girls.  
When we look at the unexplained component detailed by each variable, on Table 5A 
in the Appendix, both subjects have doing the subjects’ homework and living in urban areas 
are the main contributors towards a relative better performance of boys, while work and 
attending kindergarten are the main contributors for girls. In this sense, Le and Nguyen (2018) 
also highlights the importance of pre-school on Australian gender test differences and it also 
contributes positively for girls’ achievement. Moreover, investigating the differences on top 
performers Fortin et al. (2015) also finds that family environment and labor market work 
during school are important in accounting for gender achievement gap. Also, regardless of the 
subject, teacher sex, that is, if the teacher is female, also contributes towards girls’ relative 
performance. This last result is consistent with the importance of gender on the dynamics 
between students and teachers, as highlighted by Dee (2006).  
 The results for the 9th grade students keeps in line with the pattern described for 5th 
graders, that is, again the unexplained component of the decomposition is responsible for the 
greater bulk of the gender gap. However, the explained part is statistically significant for both 
subjects, and both indicate an improvement towards boys relative to girls, especially due to 
the year effect and the schools characteristics. As to the unexplained component, the return of 
individual characteristics have a positive sign in literacy, meaning that, despite the fact that 
boys characteristics contribute to a relative better performance of them over girls in language, 
the effect of the intercept more than suppresses it. When we look at the contribution of each 
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variable for both subjects, on Table 6A in the Appendix, the ones on the coefficients 
component that are most important for the relative mean performance of girls are having 
attended kindergarten and if she lives with her mom and dad, and, for boys, are if they are 
living in urban areas, are working, or if at least one of the parents graduated from university. 
The results described here are in accordance with Biondi and Felício (2007), Franco 
and Menezes-Filho (2008) and Scorzafave and Ferreira (2011) who acknowledge that the 
characteristics of the students and of their families are the most relevant to explain academic 
performance in Brazil, while school, teachers and the principal characteristics display a minor 
role in student’s achievement. Moreover, Menshawy, Oliver and Appleton (2004) who 
explore math gender inequalities in Middle East and North Africa countries, find results 
similar to ours for Syria and Tunisia. The next subsection further explores this same 
framework but using the RIF decomposition for percentiles of the test scores distributions. 
 
2.3.2 RIF decomposition 
 
After assessing the differences on mean academic achievement, we present the results 
capturing the gap along the distribution of the test scores at the two different grades. For that, 
we classify both girls and boys into percentiles of each test score distribution. Figure 2.1, 
shows the estimated differences, while Table 7A and 8A, on the Appendix, presents the 
detailed version of the estimated RIF decompositions. 
 
Figure 2.1 - Quantile differences in Math and Portuguese achievement from RIF decomposition (2009-2015). 
 
a) Math quantile difference 
 
b) Portuguese quantile difference 
Source: Elaborated by the authors using SAEB (2009-2015).  
 
Figure 2.1 highlight that, regarding the difference in performance, boys and girls tend 
to perform more equally in Math, as shown by the scale of both graphs. Students in 5th grade 
have a less unequal performance on both subjects and on all percentiles than 9th grade 
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students. This is shown by the fact that the blue line, which indicates 5th graders, is below the 
one for 9th grade in Math, where boys outperform girls. Also, since the gap is calculated by 
the difference between boys and girls, the line for 5th graders is above the red line on 
Portuguese in all percentiles.  
As to the shapes of the lines, 9th grade gender differentials in Math, as described by the 
red line, is steeper, which also indicates a greater gap on the first percentiles, as compared to 
the blue line. Nonetheless, it also shows a slight decrease on the two last percentiles, 
indicating that the difference between the best girls and boys in Math tend to slightly 
decrease. In Portuguese, the line for 9th graders shows that the worst performing boys tend to 
perform much lower than the worst girls, a difference that tend to diminish as we explore 
further percentiles. With regard to 5th grade, the line for Portuguese is more U-shaped, 
indicating that the greatest difference in performance is more towards the middle, that is, the 
best and worst tend to perform relatively more equally. 
Tables 7A, on the Appendix, detail the decomposition by each percentile. There, it is 
shown that for 5th grade Math, as the top panel of Table 7A shows, the unexplained 
component of Student characteristics is not statistically significant only in the first percentile. 
In Portuguese, at the lower panel of Table 7A, the students aggregated variable in the 
coefficients component changes its sign, showing that it contributes towards a relative better 
performance of girls at the lowest percentiles, and does the opposite on the highest quantiles. 
The main drivers of this change6 are three variables, the intercept and having the ideal age for 
the grade, that in accordance with the aggregated variable also change sings, and if attended 
kindergarten, whose effect is higher and favors girls at lower percentiles. 
Moreover, Table 8A describes the factors behind 9th grade gender differences by 
percentile. The results are very similar to the ones described by the Oaxaca-Blinder 
decomposition, and indicate a very uniform importance of students’ characteristics at the 
unexplained component of the decomposition for both subjects. Also, and specifically for 
Math, there is an increasing importance of the intercept as main driver of the gender 
difference, indicating that our model is able to account for most of the gap at lower quantiles, 
but other factors explain a greater bulk of this gap at higher percentiles. 
Similar to our results, Ellison and Swanson (2010) highlights that for the United States 
the gender gap in Math skills widens at the top of the distribution. Besides that, Robinson and 
Lubiensky (2010) also find that in reading, gaps favoring females generally narrow but widen 
                                                 
6 The detailed decomposition by each variable is not shown due to space restrictions, but are available upon 
request from the authors. 
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among low-achieving students. This is an interesting contrast with the Brazilian case, as we 
have seen that differences in literacy narrow among bottom and top performers, the latter 
especially on 9th grade. Moreover, Le and Nguyen (2018) investigating Australian test scores 
from 3rd to 7th grade find, in contrast with our results, sparse significant gender differences on 
reading, but they also find a more distinguished difference favoring males in math over 
virtually the whole distribution and in all grades, especially at the upper end of the 
distribution. Nonetheless, in relation to these other authors, our findings show that the gender 
differences in the Brazilian case are much more pronounced. One possible explanation for 
that, according to Guiso et al. (2008), is the role that social and cultural gender-biased 
environments play in these sex differences, as he indicates, by investigating a range of 
countries, that the gender gap in math disappears in more gender-equal societies, because girls 
improve their test scores, while the gap on literature, which favors girls, expands. 
Overall, regardless of the grade, our results indicate that the differences in 
achievement are not due to the fact that one of the genders comes from a better background, 
or have better teachers or study in better schools, but are associated with the return of these 
characteristics. Also, despite the fact that we are able to disentangle the gender gap and point 
out some important contributors of this difference with the covariates in our dataset, most of 
the gap is still due to the intercept, and therefore require additional investigations, a task we 
intend to continue performing on the next articles of this thesis. 
 
2.4 CONCLUDING REMARKS 
 
This paper aims at identifying the sources of gender differences in Math and 
Portuguese achievement in 5th and 9th grade. The inclusion of the more advanced grade is 
justified by the search for differences when considering older students. In order to attend our 
goals, we use a pool of four cohorts of 5th graders, and, separately, a pool of 9th graders, to 
employ two different types of decomposition methods on a dataset that includes students, 
teachers and schools characteristics.  
Moreover, we apply the Oaxaca-Blinder decomposition technique that allow us to 
assess how much of the mean gap between girls and boys depends on differences in 
endowments, and how much of it is attributable to differences in the return of those 
endowments, namely in the unexplained component. The other decomposition method we use 
is an extension of the Oaxaca-Blinder that allows us to study the contribution of specific 
covariates at different parts of the test scores distributions. 
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The results we find indicate that the gap in Math favors boys, and the one in literacy 
favors girls. Besides that, we highlight that boys and girls have very distinct educational 
production functions, as the unexplained or coefficient component of the Oaxaca-Blinder 
decomposition, which corresponds to the greater bulk of both gaps, have a different sign for 
each subject. Moreover, from the aspects we are able to measure, we identify that the Students 
characteristics is the main constituent of this coefficient component. In sum, our results show 
that the majority of the gender difference is related to how boys and girls translate their 
background characteristics into achievement, and not to their characteristics in itself, and that 
this effect favors boys in Math and girls in Portuguese. 
Also, despite the fact that the quantile decompositions results are very similar to the 
ones described by the Oaxaca-Blinder decomposition, however, the coefficient effect of the 
students’ characteristics on 5th grade Portuguese academic achievement, changes its sign after 
the 40th percentile, showing that it contributes towards a relative better performance of girls at 
the lowest percentiles, and does the opposite on the highest quantiles. Therefore, indicating a 
change in the production function that is not captured by the mean decomposition. 
Nonetheless, with the percentile decomposition we are also able to identify that boys and girls 
tend to perform relatively more equally in Math than in Portuguese, and on 5th grade than on 
9th.  
Overall, regardless of the grade, our results indicate that the differences in 
achievement are not due to the fact that one of the genders comes from a better background, 
or have better teachers or study in better schools, but is associated with the return of these 
characteristics. Therefore, on the policy perspective, our study findings indicates that a more 
efficient policy aiming at the reduction of test score differences between boys and girls should 
look beyond resources. It also reduces the role played by teachers and schools in narrowing 
these test score differences. Moreover, despite the fact that we are able to disentangle the 
gender gap and point out some important contributors of this difference with the covariates in 
our dataset, most of the gap is still due to the intercept, and therefore require additional 
investigations, a task we intend to continue performing on the next articles of this thesis. 
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2.6  APPENDIX 
 
Table 1A - Description of the variables included in the estimates. 
Variable Description 
Qescz index built from school has a computer lab, a science lab, a sports 
gym, a library and a reading room 
Sesz index built from number of bedrooms, bathrooms, computers, cars 
and televisions in the student household 
Familiaz index built from the parents attend school meetings, if they talk 
about what happened at school and, if they incentive the student to 
study, go to school and read 
White 1 if student is white, 0 otherwise 
Idealage 1 if has the ideal age for the grade, 0 otherwise 
mom&dad 1 if student lives with his mom and dad, 0 otherwise 
parentes_univdg 1 if at least one of the student parent has na university degree 
domestic chores 1 if student reports doing household chores, 0 otherwise 
Work 1 if student works, 0 otherwise 
Urban 1 if student lives in an urban area, 0 otherwise 
Begschool 1 if student attended kindergarten, 0 otherwise 
Teachsex 1 if teacher is female, 0 otherwise 
Teachhighdg 1 if teacher has university degree, 0 otherwise 
Teachothact 1 if teacher works on another job besides teaching, 0 otherwise 
Teachexper 1 if teacher has more than 10 years of experience, 0 otherwise 
Teachhrs 1 if teacher works more than 40 hours, 0 otherwise 
Hmwok 1 if student reports that he or she does his homework, 0 otherwise 
Teachcontract 1 if teacher has a permanent job contrat with the school, 0 otherwise 
Region indicator variable for each of the five regions in Brazil (North, 
Northeast, Central-West, Southeast and South) 
Bookatbeg 1 if teacher states that most of his/hers students had the classroom 
book at the beggining of the school year, 0 otherwise 
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Table 2A - Descriptive statistics of Math and Portuguese test scores over the years (2009-2015). 
2009 
    Students Avg Score Std dev Min Max 
5th grade Math Boys 468324 212.27 47.68 93.34 358.31 
 
Girls 470985 208.19 44.95 93.34 358.31 
5th grade Portuguese Boys 466341 185.77 43.14 87.13 331.29 
 
Girls 469176 193.72 44.12 87.13 331.29 
9th grade Math Boys 365504 248.84 45.96 124.74 413.39 
 
Girls 446152 238.15 43.53 124.75 413.39 
9th grade Portuguese Boys 352521 234.04 46.52 100.56 380.71 
  Girls 430762 246.02 44.38 100.56 380.71 
2011 
    Students Avg Score Std dev Min Max 
5th grade Math Boys 491972 219.16 48.03 90.13 338.18 
 
Girls 521440 213.02 45.65 90.13 338.18 
5th grade Portuguese Boys 484191 192.08 44.65 77.20 339.46 
 
Girls 513096 201.97 45.03 77.20 339.46 
9th grade Math Boys 308888 252.14 47.57 107.23 398.27 
 
Girls 399159 244.90 45.01 108.18 398.27 
9th grade Portuguese Boys 312510 234.70 46.74 103.46 380.83 
 
Girls 403840 249.02 44.26 105.23 380.83 
2013 
    Students Avg Score Std dev Min Max 
5th grade Math Boys 441025 225.14 50.55 78.92 341.25 
 
Girls 475526 219.20 48.38 78.92 341.25 
5th grade Portuguese Boys 434354 201.45 47.77 84.89 330.69 
 
Girls 468369 209.63 48.15 84.89 330.69 
9th grade Math Boys 447323 251.94 47.45 129.25 414.71 
 
Girls 507211 244.87 45.64 129.25 414.71 
9th grade Portuguese Boys 447461 236.99 47.53 124.00 379.16 
 
Girls 508727 250.23 46.37 124.00 379.16 
2015 
    Students Avg Score Std dev Min Max 
5th grade Math Boys 593168 226.98 46.73 120.99 366.45 
 
Girls 607904 221.00 44.39 120.99 366.45 
5th grade Portuguese Boys 585396 209.25 46.47 88.73 337.29 
 
Girls 599997 216.49 45.89 88.73 337.29 
9th grade Math Boys 518640 259.21 45.11 154.03 440.14 
 
Girls 580744 248.56 42.88 154.03 440.14 
9th grade Portuguese Boys 516242 245.58 48.05 106.74 395.28 
  Girls 576999 257.28 45.07 106.74 395.28 
Source: Elaborated by the authors using SAEB (2009-2015).  
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Table 3A - Descriptive statistics of 5th grade covariates. 
Variable Boys Girls Variable Boys Girls 
qschool 0,028 0,026 teach_grad 0,904 0,904 
 
(0,994) (0,996) 
 
(0,295) (0,295) 
sesz 0,013 0,009 teach_postg 0,591 0,592 
 
(0,974) (0,983) 
 
(0,492) (0,492) 
familyz 0,083 0,092 teach_othactivity 0,414 0,414 
 
(0,822) (0,871) 
 
(0,493) (0,493) 
White 0,372 0,370 teach_+10yrsexper 0,701 0,701 
 
(0,483) (0,483) 
 
(0,458) (0,458) 
ideal_age 0,843 0,844 teach_+40hrs 0,553 0,553 
 
(0,363) (0,363) 
 
(0,497) (0,497) 
mom&dad 0,697 0,697 port_hmwork 0,956 0,966 
 
(0,460) (0,460) 
 
(0,205) (0,182) 
parents_univdg 0,150 0,148 math_hmwork 0,978 0,979 
 
(0,357) (0,355) 
 
(0,145) (0,144) 
domestic chores 0,413 0,413 teach_contract 0,743 0,743 
 
(0,492) (0,492) 
 
(0,437) (0,437) 
work 0,072 0,071 North 0,089 0,088 
 
(0,258) (0,257) 
 
(0,285) (0,283) 
urban 0,916 0,915 Northeast 0,226 0,228 
 
(0,278) (0,279) 
 
(0,418) (0,420) 
kindergarten 0,790 0,791 Southeast 0,452 0,452 
 
(0,408) (0,407) 
 
(0,498) (0,498) 
book at begin 0,731 0,731 South 0,150 0,150 
 
(0,443) (0,444) 
 
(0,357) (0,357) 
teach_sex 0,088 0,088 Central-West 0,083 0,082 
  (0,284) (0,284)   (0,275) (0,275) 
Standard deviation in parentheses. 
Source: Elaborated by the authors using SAEB (2009-2015).  
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Table 4A - Descriptive statistics of 9th grade covariates. 
Variable Boys Girls Variable Boys Girls 
Qschool 0,010 0,007 teach_grad 0,962 0,962 
 
(1,003) (0,999) 
 
(0,192) (0,192) 
Sesz -0,071 -0,079 teach_postg 0,649 0,648 
 
(0,959) (0,967) 
 
(0,477) (0,478) 
Familyz 0,046 0,039 teach_othactivity 0,461 0,461 
 
(0,905) (0,945) 
 
(0,498) (0,499) 
White 0,381 0,379 teach_+10yrsexper 0,641 0,641 
 
(0,486) (0,485) 
 
(0,480) (0,480) 
ideal_age 0,552 0,558 teach_+40hrs 0,560 0,557 
 
(0,497) (0,497) 
 
(0,496) (0,497) 
mom&dad 0,640 0,641 port_hmwork 0,949 0,957 
 
(0,480) (0,480) 
 
(0,219) (0,203) 
parents_univdg 0,110 0,105 math_hmwork 0,940 0,940 
 
(0,312) (0,307) 
 
(0,237) (0,238) 
domestic chores 0,631 0,630 teach_contract 0,716 0,716 
 
(0,482) (0,483) 
 
(0,451) (0,451) 
Work 0,201 0,205 North 0,083 0,080 
 
(0,400) (0,403) 
 
(0,276) (0,271) 
Urban 0,923 0,920 Northeast 0,259 0,263 
 
(0,267) (0,271) 
 
(0,438) (0,440) 
kindergarten 0,859 0,859 Southeast 0,444 0,444 
 
(0,348) (0,348) 
 
(0,497) (0,497) 
book at begin 0,736 0,731 South 0,138 0,138 
 
(0,441) (0,444) 
 
(0,345) (0,345) 
teach_sex 0,325 0,322 Central-West 0,076 0,075 
  (0,468) (0,467)   (0,264) (0,263) 
Standard deviation in parentheses.  
Source: Elaborated by the authors using SAEB (2009-2015).  
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Table 5A - Oaxaca-Blinder 5th grade detailed decomposition. 
  Math Portuguese   Math Portuguese 
  Explained   Unexplained 
qescz 0.002 0.003* qescz 0.005*** 0.001 
 
(0.001) (0.002) 
 
(0.002) (0.001) 
sesz 0.022*** 0.019*** sesz 0.011*** 0.002*** 
 
(0.008) (0.007) 
 
(0.003) (0.001) 
familiaz -0.029*** -0.038*** familiaz -0.045*** -0.071*** 
 
(0.004) (0.005) 
 
(0.006) (0.005) 
white 0.004** 0.004* white 0.019 -0.048*** 
 
(0.002) (0.002) 
 
(0.018) (0.018) 
idealage -0.003 -0.004 idealage 0.016 0.111** 
 
(0.009) (0.009) 
 
(0.056) (0.053) 
livesmomdad 0.000 -0.000 livesmomdad -0.097*** -0.075*** 
 
(0.001) (0.001) 
 
(0.025) (0.023) 
escresp 0.002*** 0.003*** escresp 0.230*** 0.226*** 
 
(0.001) (0.001) 
 
(0.054) (0.058) 
domwork 0.002 0.002 domwork 0.243*** 0.144*** 
 
(0.006) (0.006) 
 
(0.011) (0.011) 
work -0.010* -0.012* work -0.806*** -1.481*** 
 
(0.005) (0.007) 
 
(0.092) (0.080) 
urban 0.004 0.006 urban 0.969*** 0.397** 
 
(0.003) (0.004) 
 
(0.181) (0.158) 
begschool -0.011* -0.008 begschool -0.473*** -0.564*** 
 
(0.006) (0.005) 
 
(0.041) (0.041) 
teachsex -0.000 0.000 teachsex -0.241*** -0.306*** 
 
(0.001) (0.001) 
 
(0.080) (0.079) 
teachhighdg 0.001 0.001 teachhighdg 0.076 -0.113 
 
(0.002) (0.001) 
 
(0.078) (0.082) 
teachothact 0.000 0.000 teachothact 0.019* 0.016 
 
(0.001) (0.001) 
 
(0.010) (0.010) 
teachexper 0.000 0.000 teachexper -0.006 -0.013 
 
(0.001) (0.001) 
 
(0.031) (0.028) 
teachhrs -0.000 -0.000 teachhrs 0.032*** 0.021*** 
 
(0.000) (0.001) 
 
(0.007) (0.006) 
mathhmwok -0.004* -0.135*** mathhmwok 1.597*** 0.784*** 
 
(0.002) (0.004) 
 
(0.145) (0.124) 
teachcontract 0.001 0.001 teachcontract 0.107*** 0.039 
 
(0.002) (0.001) 
 
(0.040) (0.035) 
region 0.007 0.008 region -0.370*** -0.286*** 
 
(0.013) (0.010) 
 
(0.040) (0.038) 
year -0.022*** -0.041*** year 0.083*** 0.001 
 
(0.005) (0.009) 
 
(0.009) (0.009) 
bookatbeg 0.002 0.002 bookatbeg 0.066* 0.028 
 
(0.002) (0.002) 
 
(0.039) (0.038) 
   
Intercept 4.202*** -6.978*** 
     (0.266) (0.248) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 
0.05, *** p < 0.01. Region is a grouped variable for the five regions of Brazil, and its 
base category is the Southeast region. Year is also a grouped variable for the four years 
of analysis and its benchmark is 2009. 
Source: Elaborated by the authors using SAEB (2009-2015).  
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Table 6A -  Oaxaca-Blinder 9th grade detailed decomposition. 
  Math Portuguese   Math Portuguese 
  explained   Unexplained 
qescz -0.005* -0.002 Qescz 0.000 0.001 
 
(0.003) (0.002) 
 
(0.001) (0.001) 
sesz 0.033*** 0.030*** Sesz 0.061*** 0.082*** 
 
(0.007) (0.007) 
 
(0.006) (0.007) 
familiaz -0.001*** 0.003*** Familiaz -0.045*** -0.063*** 
 
(0.000) (0.001) 
 
(0.003) (0.004) 
white 0.014*** 0.014*** White -0.028 -0.042** 
 
(0.005) (0.005) 
 
(0.017) (0.017) 
idealage -0.101*** -0.103*** Idealage -0.072*** -0.098*** 
 
(0.013) (0.013) 
 
(0.013) (0.014) 
livesmomdad -0.001* 0.000 livesmomdad -0.202*** -0.237*** 
 
(0.001) (0.000) 
 
(0.022) (0.022) 
escresp 0.036*** 0.035*** Escresp 1.102*** 1.216*** 
 
(0.004) (0.003) 
 
(0.079) (0.077) 
domwork 0.005* 0.004 Domwork -0.110*** 0.025 
 
(0.003) (0.003) 
 
(0.017) (0.017) 
work 0.009*** 0.019*** Work 0.452*** 0.856*** 
 
(0.002) (0.003) 
 
(0.062) (0.058) 
urban 0.011*** 0.016*** Urban 1.270*** 1.208*** 
 
(0.003) (0.005) 
 
(0.210) (0.192) 
begschool 0.003 0.005 Begschool -0.401*** -0.331*** 
 
(0.003) (0.003) 
 
(0.058) (0.061) 
teachsex -0.005*** -0.003*** Teachsex -0.020 -0.035 
 
(0.001) (0.001) 
 
(0.022) (0.029) 
teachhighdg 0.000 0.000 teachhighdg -0.349** 0.109 
 
(0.001) (0.000) 
 
(0.165) (0.169) 
teachothact -0.000 -0.000 teachothact -0.007 -0.008 
 
(0.000) (0.000) 
 
(0.005) (0.006) 
teachexper 0.000 -0.000 teachexper 0.006 0.025 
 
(0.001) (0.001) 
 
(0.025) (0.023) 
teachhrs 0.002*** 0.003*** Teachhrs 0.024*** 0.020** 
 
(0.001) (0.001) 
 
(0.009) (0.008) 
mathhmwok 0.004 -0.052*** mathhmwok 0.489*** 0.987*** 
 
(0.004) (0.002) 
 
(0.101) (0.127) 
teachcontract 0.001 -0.000 teachcontract 0.173*** 0.089** 
 
(0.001) (0.001) 
 
(0.045) (0.036) 
regiao 0.003 0.013 Regiao -0.961*** -0.709*** 
 
(0.011) (0.010) 
 
(0.056) (0.053) 
year 0.204*** 0.212*** Year -0.080*** -0.056*** 
 
(0.014) (0.015) 
 
(0.017) (0.018) 
bookatbeg 0.020*** 0.021*** bookatbeg -0.003 -0.078** 
 
(0.003) (0.003) 
 
(0.037) (0.039) 
   
Intercept 7.487*** -15.822*** 
     (0.319) (0.311) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 
0.05, *** p < 0.01. Region is a grouped variable for the five regions of Brazil, and its 
base category is the Southeast region. Year is also a grouped variable for the four years 
of analysis and its benchmark is 2009. 
Source: Elaborated by the authors using SAEB (2009-2015).  
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Table 7A - RIF detailed decomposition for 5th graders. 
5th grade Math 
 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Boys 159.340*** 178.152*** 192.928*** 206.307*** 219.422*** 232.963*** 247.492*** 264.187*** 286.617*** 
 
(0.130) (0.133) (0.143) (0.147) (0.153) (0.155) (0.157) (0.161) (0.168) 
Girls 158.268*** 175.187*** 188.479*** 200.736*** 212.893*** 225.615*** 239.502*** 255.691*** 278.108*** 
 
(0.112) (0.117) (0.128) (0.137) (0.147) (0.154) (0.156) (0.163) (0.179) 
Difference 1.072*** 2.966*** 4.448*** 5.571*** 6.529*** 7.348*** 7.990*** 8.495*** 8.510*** 
 
(0.112) (0.094) (0.094) (0.088) (0.093) (0.091) (0.095) (0.099) (0.119) 
Explained -0.035 -0.042 -0.044 -0.043 -0.040 -0.035 -0.030 -0.023 -0.015 
 
(0.025) (0.028) (0.030) (0.032) (0.033) (0.032) (0.031) (0.029) (0.026) 
Student -0.038** -0.038* -0.037* -0.033 -0.028 -0.022 -0.015 -0.007 0.002 
 
(0.018) (0.020) (0.022) (0.022) (0.023) (0.022) (0.022) (0.020) (0.018) 
Teachers 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
 
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
Schools 0.003* 0.004* 0.004 0.004 0.004 0.005 0.004 0.004 0.003 
 
(0.002) (0.002) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
Region 0.013 0.011 0.009 0.008 0.007 0.006 0.004 0.003 0.001 
 
(0.011) (0.013) (0.015) (0.015) (0.016) (0.016) (0.015) (0.013) (0.011) 
Year -0.015*** -0.020*** -0.023*** -0.024*** -0.025*** -0.025*** -0.026*** -0.025*** -0.023*** 
 
(0.005) (0.005) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) 
Unexplained 1.107*** 3.007*** 4.493*** 5.615*** 6.569*** 7.383*** 8.020*** 8.519*** 8.524*** 
 
(0.109) (0.090) (0.089) (0.083) (0.087) (0.085) (0.090) (0.095) (0.117) 
Student 0.033 1.551*** 2.147*** 1.987*** 2.571*** 2.530*** 2.643*** 2.488*** 2.073*** 
 
(0.499) (0.375) (0.344) (0.328) (0.323) (0.323) (0.336) (0.347) (0.431) 
Teachers 0.115 0.059 0.262 -0.048 0.015 0.184 -0.124 -0.323** -0.467** 
 
(0.234) (0.204) (0.182) (0.161) (0.179) (0.172) (0.157) (0.160) (0.185) 
Schools 0.123 0.210*** 0.133** 0.083 0.099** -0.023 0.030 0.056 -0.031 
 
(0.111) (0.068) (0.054) (0.052) (0.050) (0.057) (0.060) (0.070) (0.058) 
Region -0.464*** -0.462*** -0.372*** -0.327*** -0.281*** -0.342*** -0.391*** -0.359*** -0.394*** 
 
(0.065) (0.055) (0.057) (0.054) (0.055) (0.055) (0.058) (0.061) (0.072) 
Year 0.102*** 0.097*** 0.086*** 0.076*** 0.079*** 0.100*** 0.090*** 0.069*** 0.060*** 
 
(0.020) (0.014) (0.012) (0.012) (0.012) (0.013) (0.013) (0.015) (0.014) 
Intercept 1.198** 1.554*** 2.238*** 3.843*** 4.086*** 4.934*** 5.772*** 6.589*** 7.283*** 
  (0.572) (0.426) (0.384) (0.363) (0.350) (0.348) (0.348) (0.352) (0.425) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 
Source: Elaborated by the authors using SAEB (2009-2015).  
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Table 7A. (continuation) 
5th grade Portuguese 
 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Boys 139.097*** 156.024*** 169.963*** 182.653*** 195.188*** 208.141*** 222.226*** 238.647*** 260.940*** 
 
(0.101) (0.117) (0.122) (0.131) (0.134) (0.136) (0.137) (0.139) (0.144) 
Girls 146.112*** 164.538*** 179.162*** 192.244*** 204.889*** 217.651*** 231.352*** 247.150*** 268.663*** 
 
(0.118) (0.123) (0.127) (0.129) (0.131) (0.133) (0.130) (0.130) (0.128) 
Difference -7.015*** -8.514*** -9.198*** -9.592*** -9.700*** -9.510*** -9.126*** -8.503*** -7.724*** 
 
(0.100) (0.096) (0.089) (0.087) (0.088) (0.088) (0.088) (0.106) (0.116) 
Explained -0.218*** -0.233*** -0.232*** -0.224*** -0.212*** -0.199*** -0.179*** -0.156*** -0.127*** 
 
(0.024) (0.029) (0.031) (0.032) (0.032) (0.032) (0.031) (0.029) (0.025) 
Student -0.217*** -0.226*** -0.218*** -0.202*** -0.183*** -0.164*** -0.139*** -0.114*** -0.085*** 
 
(0.019) (0.022) (0.023) (0.023) (0.023) (0.023) (0.022) (0.020) (0.018) 
Teachers 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
 
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.002) (0.002) 
Schools 0.003* 0.004** 0.005* 0.005* 0.006* 0.006* 0.006* 0.006* 0.005* 
 
(0.002) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
Region 0.014 0.014 0.013 0.011 0.009 0.007 0.005 0.003 0.001 
 
(0.009) (0.011) (0.012) (0.012) (0.012) (0.011) (0.011) (0.010) (0.008) 
Year -0.021*** -0.028*** -0.034*** -0.041*** -0.046*** -0.051*** -0.053*** -0.054*** -0.050*** 
 
(0.006) (0.008) (0.009) (0.010) (0.011) (0.012) (0.012) (0.011) (0.011) 
Unexplained -6.797*** -8.281*** -8.966*** -9.367*** -9.488*** -9.310*** -8.947*** -8.347*** -7.597*** 
 
(0.097) (0.092) (0.083) (0.081) (0.082) (0.082) (0.083) (0.102) (0.113) 
Student -9.359*** -5.823*** -2.356*** -0.360 1.158*** 2.426*** 3.295*** 4.247*** 3.848*** 
 
(0.483) (0.414) (0.378) (0.337) (0.341) (0.310) (0.285) (0.332) (0.330) 
Teachers -0.353 -0.337* -0.484*** -0.455*** -0.327* -0.224 -0.147 -0.252 -0.538 
 
(0.226) (0.195) (0.170) (0.162) (0.167) (0.155) (0.152) (0.226) (0.336) 
Schools -0.096 -0.092 -0.102* 0.011 0.068 0.059 0.063 0.119* 0.206*** 
 
(0.066) (0.061) (0.060) (0.054) (0.050) (0.050) (0.061) (0.067) (0.058) 
Region -0.334*** -0.430*** -0.463*** -0.440*** -0.326*** -0.312*** -0.240*** -0.112* -0.076 
 
(0.061) (0.057) (0.054) (0.053) (0.053) (0.055) (0.055) (0.063) (0.070) 
Year -0.097*** -0.116*** -0.084*** -0.058*** -0.013 0.033*** 0.068*** 0.105*** 0.114*** 
 
(0.014) (0.013) (0.013) (0.012) (0.011) (0.012) (0.013) (0.015) (0.015) 
Intercept 3.442*** -1.483*** -5.478*** -8.065*** -10.048*** -11.292*** -11.987*** -12.453*** -11.150*** 
  (0.561) (0.464) (0.410) (0.384) (0.374) (0.331) (0.302) (0.336) (0.389) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 
Source: Elaborated by the authors using SAEB (2009-2015).  
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Table 8A - RIF detailed decomposition for 9th graders. 
9th grade Math 
  (1) (2) (3) (4) (5) (6) (7) (8) (9) 
Boys 191.754*** 212.176*** 227.777*** 241.407*** 254.003*** 266.266*** 279.111*** 293.644*** 313.698*** 
 
(0.145) (0.144) (0.143) (0.141) (0.138) (0.136) (0.134) (0.137) (0.159) 
Girls 187.640*** 205.233*** 218.908*** 231.166*** 243.029*** 255.018*** 267.890*** 282.673*** 303.102*** 
 
(0.101) (0.113) (0.119) (0.125) (0.131) (0.136) (0.139) (0.144) (0.159) 
Difference 4.114*** 6.943*** 8.869*** 10.240*** 10.974*** 11.247*** 11.221*** 10.971*** 10.596*** 
 
(0.138) (0.121) (0.112) (0.102) (0.098) (0.099) (0.098) (0.100) (0.114) 
Explained 0.224*** 0.247*** 0.246*** 0.247*** 0.242*** 0.234*** 0.227*** 0.219*** 0.232*** 
 
(0.022) (0.025) (0.027) (0.028) (0.028) (0.028) (0.027) (0.026) (0.026) 
Student -0.040** -0.029 -0.016 -0.003 0.011 0.023 0.035* 0.049** 0.072*** 
 
(0.018) (0.020) (0.021) (0.022) (0.021) (0.021) (0.020) (0.020) (0.020) 
Teachers -0.001 -0.001 -0.001 -0.002 -0.002 -0.003 -0.003 -0.004 -0.004 
 
(0.002) (0.002) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
Schools 0.011*** 0.014*** 0.015*** 0.016*** 0.017*** 0.017*** 0.017*** 0.016*** 0.018*** 
 
(0.003) (0.003) (0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.005) 
Region 0.017* 0.013 0.009 0.006 0.003 -0.001 -0.003 -0.006 -0.010 
 
(0.009) (0.011) (0.012) (0.013) (0.013) (0.013) (0.012) (0.012) (0.011) 
Year 0.237*** 0.250*** 0.239*** 0.229*** 0.215*** 0.198*** 0.181*** 0.164*** 0.156*** 
 
(0.018) (0.017) (0.016) (0.015) (0.014) (0.013) (0.012) (0.011) (0.011) 
Unexplained 3.890*** 6.696*** 8.623*** 9.994*** 10.732*** 11.013*** 10.995*** 10.752*** 10.364*** 
 
(0.137) (0.119) (0.109) (0.098) (0.093) (0.094) (0.094) (0.096) (0.111) 
Student 2.662*** 2.987*** 3.113*** 2.954*** 2.622*** 2.133*** 2.174*** 2.108*** 2.473*** 
 
(0.461) (0.403) (0.381) (0.338) (0.322) (0.310) (0.301) (0.307) (0.328) 
Teachers 0.271 -0.060 -0.178 -0.144 -0.315* -0.252 -0.053 -0.441** -0.251 
 
(0.598) (0.272) (0.231) (0.215) (0.189) (0.182) (0.193) (0.190) (0.222) 
Schools 0.047 -0.002 0.027 0.015 -0.017 -0.048 -0.067 -0.039 0.032 
 
(0.070) (0.060) (0.055) (0.053) (0.051) (0.047) (0.047) (0.048) (0.056) 
Region -0.964*** -1.098*** -1.058*** -1.004*** -1.014*** -1.000*** -1.029*** -0.968*** -0.901*** 
 
(0.085) (0.080) (0.080) (0.077) (0.073) (0.071) (0.072) (0.074) (0.083) 
Year 0.024 0.027 -0.061** -0.121*** -0.207*** -0.259*** -0.204*** -0.086*** 0.072*** 
 
(0.037) (0.030) (0.026) (0.023) (0.022) (0.022) (0.021) (0.021) (0.025) 
Intercept 1.850** 4.842*** 6.779*** 8.293*** 9.663*** 10.439*** 10.174*** 10.177*** 8.939*** 
  (0.923) (0.518) (0.467) (0.423) (0.393) (0.369) (0.364) (0.357) (0.400) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 
Source: Elaborated by the authors using SAEB (2009-2015).   
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Table 8A. (continuation) 
9th grade Portuguese 
  (1) (2) (3) (4) (5) (6) (7) (8) (9) 
Boys 174.949*** 195.522*** 211.605*** 225.768*** 238.854*** 251.875*** 265.523*** 281.096*** 301.387*** 
 
(0.129) (0.138) (0.146) (0.142) (0.139) (0.138) (0.137) (0.136) (0.134) 
Girls 190.644*** 211.806*** 227.245*** 240.304*** 252.444*** 264.350*** 276.888*** 291.091*** 309.867*** 
 
(0.136) (0.131) (0.130) (0.127) (0.125) (0.123) (0.120) (0.116) (0.113) 
Difference -15.695*** -16.284*** -15.640*** -14.537*** -13.590*** -12.475*** -11.366*** -9.995*** -8.480*** 
 
(0.132) (0.121) (0.120) (0.108) (0.101) (0.099) (0.094) (0.098) (0.104) 
Explained 0.151*** 0.183*** 0.211*** 0.228*** 0.242*** 0.249*** 0.252*** 0.248*** 0.230*** 
 
(0.023) (0.027) (0.029) (0.030) (0.030) (0.030) (0.029) (0.027) (0.024) 
Student -0.110*** -0.093*** -0.071*** -0.049** -0.027 -0.007 0.012 0.030 0.045*** 
 
(0.020) (0.022) (0.023) (0.023) (0.022) (0.022) (0.021) (0.019) (0.017) 
Teachers 0.000 -0.000 -0.001 -0.001 -0.001 -0.001 -0.002 -0.002 -0.002 
 
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
Schools 0.018*** 0.021*** 0.022*** 0.022*** 0.021*** 0.021*** 0.020*** 0.019*** 0.017*** 
 
(0.003) (0.004) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) (0.003) 
Region 0.031*** 0.029*** 0.024** 0.018 0.013 0.009 0.003 -0.000 -0.003 
 
(0.009) (0.011) (0.011) (0.011) (0.011) (0.011) (0.011) (0.010) (0.009) 
Year 0.212*** 0.226*** 0.237*** 0.237*** 0.235*** 0.229*** 0.218*** 0.200*** 0.173*** 
 
(0.016) (0.018) (0.018) (0.018) (0.017) (0.016) (0.015) (0.014) (0.012) 
Unexplained -15.846*** -16.467*** -15.851*** -14.764*** -13.831*** -12.725*** -11.617*** -10.242*** -8.710*** 
 
(0.130) (0.118) (0.116) (0.104) (0.097) (0.095) (0.089) (0.095) (0.101) 
Student 0.669 3.304*** 4.872*** 4.979*** 5.213*** 5.176*** 4.580*** 4.044*** 3.697*** 
 
(0.496) (0.427) (0.407) (0.346) (0.312) (0.300) (0.279) (0.302) (0.308) 
Teachers 0.174 0.674** 0.272 0.164 0.286 0.216 0.386* 0.197 0.136 
 
(0.352) (0.330) (0.322) (0.277) (0.210) (0.194) (0.197) (0.197) (0.212) 
Schools -0.236*** -0.163** -0.055 -0.073 -0.040 -0.009 0.016 0.066 -0.006 
 
(0.069) (0.065) (0.062) (0.057) (0.053) (0.051) (0.051) (0.052) (0.056) 
Region -0.557*** -0.924*** -1.109*** -1.056*** -0.946*** -0.815*** -0.714*** -0.472*** -0.347*** 
 
(0.090) (0.082) (0.081) (0.076) (0.072) (0.074) (0.068) (0.070) (0.078) 
Year -0.373*** -0.287*** -0.177*** -0.085*** 0.010 0.080*** 0.113*** 0.144*** 0.120*** 
 
(0.039) (0.034) (0.031) (0.026) (0.023) (0.022) (0.022) (0.022) (0.024) 
Intercept -15.522*** -19.070*** -19.654*** -18.694*** -18.354*** -17.373*** -15.998*** -14.221*** -12.311*** 
  (0.645) (0.598) (0.576) (0.480) (0.387) (0.367) (0.350) (0.366) (0.378) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 
Source: Elaborated by the authors using SAEB (2009-2015).  
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3 GENDER PEER EFFECTS IN BRAZILIAN ELEMENTARY SCHOOLS 
 
 
The second essay of the present thesis assesses the gender peer effects in Brazilian 
elementary schools. 
 
3.1 INTRODUCTION 
 
The idea that the interaction among students influences behavior and the learning 
environment, thus, affecting school productivity is quite intuitive. The magnitude of this 
phenomenon is of great interest among educators, researchers and policymakers who are 
seeking to enhance the efficiency of schools by designing classrooms or schools in such a 
way that the grouping of peers takes into account ability levels and the background of the 
students. 
There is a growing body of literature in Economics that contributes to this debate1. In 
the applied field, probably the greatest concern is with providing credible estimates of these 
influences, given the difficulty to disentangle the effects of belonging to a group from the 
reasons for belonging to it. In other words, the assignment of students to classes and schools 
are hardly random, tainting the formation of peers with sorting and self-selection, which turns 
the pursuit for reliable estimations into a steep challenge. 
Aside from this difficulty, several authors have been able to make important 
contributions to this literature2, first by assessing if the mean achievement of schoolmates 
influences individual performance and, more recently, to the role of differences in peer 
characteristics such as race, ethnicity and gender. In Brazil, however, this literature is still 
scarce, being Pinto (2008), Firpo, Jales and Pinto (2015), Raposo (2015) and Vianna (2017) a 
few of the exceptions. 
This paper aims to contribute to this existing literature by exploring if the assignment 
to a school with a higher proportion of girls influences 5th grade Math and Portuguese public 
school student achievement in Brazil. We also investigate if whether this effect is influenced 
by school size, students’ socioeconomic background and by nonlinearities in the proportion of 
girls.  
                                                 
1 See Lazear (2001), Hanushek et al. (2003) and Angrist (2014). 
2 See Sacerdote (2011), Epple and Romano (2011) and Sacerdote (2014) for a review of the theoretical and 
applied literatures. 
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Our database also allows us to identify those schools that tend to overly allocate boys 
and girls to different classrooms, enabling us to assess whether this aspect of the gender 
composition within schools also further influences the achievement of boys and girls. This 
analysis, which also concerns the disputed literature of single-sex and coeducational schools 
(STRAIN, 2013; LEE et al., 2014) allow us to further contribute in the policy perspective, 
since the gender composition of classrooms is more easily managed by the public school 
authorities than the gender composition at the time of the enrollment. 
Our findings suggest that the proportion of girls positively affects Math and 
Portuguese test scores of boys and girls. Despite the fact that these effects are quite similar, 
they are slightly larger for Math, a subject that girls tend to be outperformed by boys. This, in 
turn, suggests that the gender peer effects are not exclusively associated with spillovers that 
arise from having higher achieving peers. Furthermore, we found evidence that these 
estimates do not rely solely on the size of the school, or on the socioeconomic background of 
the school’s students. Lastly, we find that girls’ achievements are higher when they attend 
schools with classes that tend to segregate the two genders. This effect, however, does not 
hold for boys, implying that despite both genders profit from coexisting, girls benefit even 
more if clustered together.  
This paper is structured as follows. The next section describes our empirical strategy, 
discusses the data and the construction of the samples used throughout the analysis. Section 3 
starts exhibiting evidences of the validity of our identification strategy, than presents our main 
estimates of the gender peer effects and the possibility of heterogeneous and non-linear 
effects. Section 4 presents the concluding remarks. 
 
3.2 EMPIRICAL STRATEGY 
 
One of the main challenges in estimating peer effects is that schools and classrooms 
are not formed randomly, in such a way that the composition of schools and classes may 
reflect, among other factors, the family background of students. This may occur, for example, 
when affluent parents are more active in the search of the best school for their children, or 
when principals organize the composition of classes so that better performers or students with 
the same socio-economic background can study together. Many other classroom and school 
characteristics can influence their composition, and some of them may not be observed by the 
researcher. These factors, therefore, act as confounders in the estimation of peer effects, since 
they may influence peer composition and the outcomes of the students in a given school. 
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The identification strategy used in this paper builds on the works of Hoxby (2000) and 
Lavy and Schlosser (2011), relying on school level gender peer effects and using school fixed 
effects to control for sorting and self-selection of students across schools. The idea behind this 
strategy, according to Hoxby (2000), is that the variation in adjacent cohorts’ peer 
composition within a grade within a school is idiosyncratic and beyond the easy management 
of parents and schools. This happens because of the difficulty associated with predicting the 
gender composition of a specific cohort, and to the fact that it is expensive for the parents to 
react to this variation by changing schools, as opposed to the classroom composition.  
Therefore, by using repeated observations on schools in a school fixed-effects 
framework we are able to control for unobserved and unchanging characteristics that are 
related to both achievement and peer gender composition. That is, we account for sorting and 
selection, paving the way for a causal estimate of the peer composition on the student test 
score. 
Our dataset comprises of four years of the national representative Brazilian assessment 
of Math and Portuguese learning for 5th grade public school students merged with the 
Brazilian Education Census, where we obtain the proportion of girls at each school, the main 
variable of interest, which measures gender peer effects, and exclude the few schools that use 
an exam as base to their admission criteria, in order to avoid potential bias. 
According to the description above, we estimate the following reduced-form equation 
separately for boys and girls: 
 
𝑦𝑖𝑠𝑡 = 𝛼𝑠 + 𝜏𝑡 + 𝜆𝑃𝑠𝑡 + 𝛽𝑥𝑖𝑠𝑡 + 𝜃?̅?(−𝑖)𝑠𝑡 + 𝜀𝑖𝑠𝑡 3.1 
 
Where i denotes the individuals, s the schools, and t time. 𝑦𝑖𝑠𝑡 is the normalized Math 
or Portuguese score of each student; 𝛼𝑠 and 𝜏𝑡 are the school and time effects, respectively; 
𝑃𝑠𝑡 is the gender peer effect variable, which corresponds to the proportion of girls in 5
th grade 
for each school; 𝑥𝑖𝑠𝑡 are the individual characteristics, which comprises of race, which is 
defined by white or non-white, a socioeconomic status index (SES), the number of people 
living in student household, and dummies for the cases where the father lives with the student, 
and if at least one of the parents graduated from university, as well as the student’s school 
enrollment and enrollment squared; ?̅?(−𝑖)𝑠𝑡 are the school averages, excluding the own 
student, of the individual characteristics; 𝜀𝑖𝑠𝑡 is the error term, which is composed of a school-
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specific random element that allows for any type of correlation within observations of the 
same school across time and an individual random element. 
It is worth noting that the SES index is built using the first component of Principal 
Component Analysis, a procedure commonly used as a dimensionality reduction technique 
(JOLLIFFE, 2002). It takes into consideration the number of bedrooms, bathrooms, 
computers, cars and televisions in the student household. With regard to missing3 
observations in any of these variables, we imputed the correspondent classroom mean of the 
characteristic, and added indicator dummies for these missing values in the model estimation. 
This procedure accounts for the possibility of non-random missing values and, also, avoids 
drastic reductions in the sample size (ALLISON, 2002). 
The main coefficient of interest is 𝜆, which can be understood as the average treatment 
effect of having more female peers in a given school. In order for this interpretation to hold, 
changes in the unobserved factors that could affect the student’s achievement must be 
uncorrelated with changes in the proportion of females within a school. Also, there must be 
enough variation in the percentage of females at the different cohorts to enable a precise 
estimate of the gender peer effects on the achievement. Tests regarding these two concerns are 
shown on the first part of Section 3.3. 
 
3.2.1 Data 
 
This paper uses four cohorts of the Brazilian Ministry of Education assessment of 
Math and Portuguese learning for 5th grade public school students (2009, 2011, 2013 and 
2015). This assessment is biannual, and also includes questionnaires for Principals, Teachers, 
Schools and Students. The latter, besides comprising of a test for each subject, collects 
information on the background of the students, and it is where we gather most of the variables 
used as controls in our estimates. We match the dataset from these four assessments to the 
corresponding Brazilian Education Census, in order to obtain data on enrollment and on the 
percentage of girls at the 5th grade school level, which is the variable of interest in the study. 
We focus on 5th grade as we are pursuing a casual effect and need to reduce the 
influence of dropouts and school retention, two factors associated with gender that play an 
important role in the Brazilian school system, especially at more advanced school grades 
(OECD, 2016). The final sample only takes into account students in mixed gender regular 
                                                 
3 A total of 11% of the individuals in our sample had missing observations that needed to be imputed in order to 
build the SES index.  
45 
 
education schools that appear in all the years of the assessment. We also exclude schools that 
base their admission criteria on an exam, as this is a source of selection, which could bias our 
estimates. Also, in order to avoid changes in the gender composition that might be a result of 
structural changes in the school, we drop schools that have an annual enrollment lower than 
10 students, and those that experienced a change in enrollment of 80% or more between two 
consecutive years.  
 
Table 3.1 - Descriptive statistics by cohort. 
Cohort Students Schools 
% of 
girls 
Average  
Math Score 
Average 
Portuguese Score 
Females Males Females Males 
2009 1,605,822 23,689 0.482 205.87 207.58 191.11 181.03 
2011 1,491,958 23,689 0.480 209.55 212.81 198.37 185.44 
2013 1,338,303 23,689 0.479 212.66 213.82 203.32 190.82 
2015 1,369,161 23,689 0.481 218.53 221.36 213.31 202.68 
All 5,805,244 23,689 0.481 211.38 213.61 201.03 189.52 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Table 3.14 shows the sample size and descriptive statistics by cohort for the main 
variables of interest. It can be seen that the sample has almost 6 million students, fairly 
distributed across the years, and in 23,689 schools. The mean proportions of girls in all of the 
cohorts are slightly below 50%, without any time trend. It can also be seen that on average, 
boys tend to outperform girls in Math, while the gap in score favors women in literacy. 
 
3.3 RESULTS 
 
This subsection displays the results we found for the present thesis. 
 
3.3.1 Evidence on the validity of the identification strategy 
 
The identification strategy used in this paper relies on cohort-to-cohort gender 
composition variability within schools to obtain precise estimates of the gender peer effects 
on achievement. Therefore, in order to examine if there is sufficient variation within schools, 
Table 3.2 report the variance decomposition of the proportion of females for both Math and 
                                                 
4 Descriptive statistics for the rest of the variables are in Table 1A in the Appendix. 
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Portuguese, highlighting that 78% of the variance in the Math sample and 82% in Portuguese 
is within schools. 
 
Table 3.2 - Decomposition of variance in the proportion of female students. 
  Math Portuguese 
  
Sum of 
squares 
Share of 
total 
Df 
Sum of 
squares 
Share of 
total 
df 
Between 1288761.7 22.11% 23686 1032691.5 17.74% 23688 
Within 4539005.4 77.89% 5779269 4789048.1 82.26% 5780156 
Total 5827767.1   5802955 5821739.6   5803844 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
In addition to this substantial within school variance, Figure 3.1 depicts the correlation 
between the standard deviation of the proportion of girls in each school and its average 
enrollment. This enables a better evaluation if there is a specific size of school that is 
responsible for this variability. The graph, in turn, shows that despite the fact that smaller 
schools account for the majority of the variance, there is still significant variability in schools 
whose average 5th grade enrollment is up to 300 students.  
 
Figure 3.1 - Standard deviation of the proportion of females and school average enrollment. 
 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Another concern addressed by the identification strategy is to whether this within 
school variation in the proportion of female students is indeed random. If somehow 
unobserved characteristics, as well as, characteristics of the students, parents and schools 
influence the gender composition of a cohort within a school, the estimated peer effects will 
be biased. In this regard, we assume that parents are not able to predict the gender 
composition of their child’s cohort and hence, are not able to respond to it. This is 
corroborated by the fact that we use a national representative sample of public schools, which 
corresponds to 80% of the enrollment in elementary schools in Brazil, and that the majority of 
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these schools have the place of residence as main admission criteria. Both these features 
diminish the possibility that any unobserved characteristic will influence the gender 
composition of a cohort within a given school.  
Aside from that, in Table 3.3, we test whether the proportion of female students within 
schools is correlated with any of the control variables in our final model. We perform this 
balancing test by performing separate regressions of the treatment variable on each of the 
controls using School Fixed Effects (SFE) and Ordinary Linear Squared (OLS), as a 
benchmark for comparison. 
 
Table 3.3 - Balancing tests for the schools’ proportion of female students and student characteristics. 
  OLS SFE   OLS SFE 
Race 0.001102*** -0.000012 parents univdg 0.002938*** -0.000062 
 
(0.000157) (0.000067) 
 
(0.000157) (0.000071) 
num people -0.000663*** 0.000038 father -0.000092 -0.000077 
 
(0.000057) (0.000030) 
 
(0.000097) (0.000057) 
Sesz 0.002049*** -0.000038 enrollment 0.000027*** 0.000005 
  (0.000104) (0.000030)   (0.000004) (0.000009) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 
All regressions include year dummies. 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Observing the coefficients from each estimate, it becomes clear that under Ordinary 
Least Squares almost all observable characteristics are correlated with the proportion of 
females, the exception being the presence of the student’s father at home. Nonetheless, these 
correlations became statistically insignificant when we look within schools, with the addition 
of School Fixed Effects. Thus, once we include school dummies in the model, most of the 
sorting and selection are accounted for, thus, enabling a proper identification of the effect of 
the proportion of girls on achievement. 
 
3.3.2 Estimates of gender peer effects in Brazilian elementary schools. 
 
After analyzing the feasibility of the identification strategy in the last subsection, 
Table 3.4 reports the effects of the proportion of female peers on 5th grade achievement in 
Math and Portuguese. Each cell in the table shows the estimated coefficient, and its 
corresponding standard deviation, from separate regressions for boys and girls.  
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Columns 1-3 report the effects of the proportion of females in Math and Portuguese on 
the achievement of girls, while Columns 4-6 report these effects on boys. Three different 
specifications are considered, in order to assess how sensitive these estimates are to the 
control of school, individual and cohort characteristics. Columns 1 and 4 shows OLS 
estimates with only year dummies included as controls. Columns 2 and 5 include school fixed 
effects as controls, reducing drastically the size of the coefficients and their standard 
deviations. This decline, as on Table 3.3, suggests that selection and sorting across schools 
play a significant role in the estimation of peer effects and, therefore, controlling for these 
characteristics avoid estimation bias. The most complete specification, with the inclusion of 
individual and mean cohort characteristics as controls, are seen in Columns 3 and 6, and 
further reduces the size of the estimated coefficients and, to a less substantial degree, their 
standard deviation. 
 
Table 3.4 - Estimation of the effect of proportion of female students on achievement. 
  Females Males 
 
Proportion of Females in Cohort Proportion of Females in Cohort 
 
(1) (2) (3) (4) (5) (6) 
Math 0.890*** 0.293*** 0.272*** 1.031*** 0.266*** 0.254*** 
 
(0.031) (0.016) (0.016) (0.033) (0.018) (0.017) 
Portuguese 0.887*** 0.307*** 0.283*** 0.967*** 0.253*** 0.241*** 
 
(0.029) (0.015) (0.015) (0.029) (0.016) (0.015) 
Year effects      
SFE 
 
 
 
 
Individ. controls 
 

  

Cohort controls 
 

  

Robust standard errors clustered at the school level in parentheses. * p < 0.10, ** p < 0.05, *** p < 
0.01. 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Focusing on the more complete specification, the estimated coefficients show that both 
females and males tend to perform better in each of the subjects when they are in classes with 
a higher proportion of females. All estimates are statistically significant and indicate that an 
additional 10% in the proportion of girls would lead to increases of 2.72 and 2.83 percent of a 
standard deviation on the average of the Math and Portuguese tests for women, and, for boys, 
the rise would be of 2.54 of a standard deviation for Math and 2.41 for Portuguese. Therefore, 
overall, the effect of having more female peers is slightly larger among girls than boys.  
49 
 
It is important to highlight that, despite being quite similar, a comparison between the 
subjects for boys, shows that the peer effects are slightly larger for Math, a subject that boys 
tend to outperform girls, as we have seen on Table 3.1. This suggests that the gender peer 
effects are not solely associated with spillovers that arise from having higher achieving peers. 
In terms of comparison, our results are moderate when compared to other estimates of 
gender peer effects. For example, Hoxby (2000) found that a 10% increase in the proportion 
of females on Texas elementary schools leads to scores 1 to 2% of a standard deviation higher 
in Math and English. Lavy and Schlosser (2011) despite not finding any significant impact of 
the proportion of female students on 5th grade Israeli students in language tests, encountered 
that a 10 percentage point increase of female students raises average Math score by 3.7 
percentage points of a standard deviation for girls and 2.18 for boys. While Cabezas (2010) 
found that the same increase in the proportion of girls leads to a 0.53 percent of a standard 
deviation higher Math scores for Chilean students. 
The next chapter of this thesis tries to explore the reasons behind this increase on 
students’ grades. Mainly, the results we find, that are also partially shared by Lavy and 
Schlosser (2011), is that a greater proportion of girls is associated with improvements in 
student behavior, which reflects less violence, greater teacher expectations over the student’s 
academic future, and facilitates classroom progress. 
On a broader view, our results are similar in magnitude to the ones found in assessing 
the impact of school violence, as identified by Dalcin (2016), who estimated that school 
violence can reduce achievement by up to 2.6% of a standard deviation in Math and 2.2% in 
Portuguese. Nonetheless, other educational policies have a much higher impact, such as an 
additional year of compulsory education that increases 13% and 8% of a standard deviation in 
the scores of Math and Portuguese, respectively (ZANON, 2017), and attending daycare that 
raise Math scores from 28% to 42% of a standard deviation, depending on the mother’s 
education (PINTO; SANTOS; GUIMARÃES, 2016). 
 
3.3.3 Heterogeneous effects. 
 
In order to gain further insights on the extent of the gender peer effects, in Table 3.5 
we explore heterogeneous effects of the proportion of girls across different dimensions. First, 
we investigate differences by school size, by stratifying our sample into quartiles of the 
enrollment variable, from lowest (q1) to highest (q4), and running the baseline model for each 
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subsample. This can be viewed as providing additional evidence that the mean effect we are 
capturing does not merely apply to small schools. 
Second, we calculate the mean of the Socioeconomic Status index for each school and 
stratify the sample into quartiles of this variable’s distribution5, in order to investigate whether 
the background of the students within each school interfere with the effect of the proportion of 
female students. 
 
Table 3.5 - Heterogeneous effects of the proportion of female students by school size and school student 
socioeconomic status. 
School Size 
 
q1 q2 q3 q4 
 
Female Male Female Male Female Male Female Male 
Math 0.170*** 0.139*** 0.248*** 0.195*** 0.295*** 0.319*** 0.549*** 0.570*** 
 
(0.023) (0.025) (0.029) (0.031) (0.036) (0.039) (0.051) (0.056) 
Schools 10234 10234 6213 6213 4425 4425 2815 2815 
Students 709556 741489 712078 738637 715243 735802 715882 734269 
Portuguese 0.182*** 0.123*** 0.258*** 0.218*** 0.304*** 0.304*** 0.562*** 0.506*** 
 
(0.022) (0.022) (0.028) (0.028) (0.034) (0.036) (0.047) (0.048) 
Schools 10235 10235 6213 6213 4425 4425 2816 2816 
Students 709647 741565 712116 738673 715283 735843 716166 734552 
School Students Socioeconomic Status 
 
q1 q2 q3 q4 
 
Female Male Female Male Female Male Female Male 
Math 0.291*** 0.236*** 0.267*** 0.248*** 0.267*** 0.232*** 0.223*** 0.237*** 
 
(0.031) (0.034) (0.031) (0.034) (0.034) (0.037) (0.034) (0.036) 
Schools 7240 7240 6058 6058 5308 5308 5081 5081 
Students 606713 618249 641300 644589 653577 660683 658660 669845 
Portuguese 0.301*** 0.222*** 0.259*** 0.276*** 0.265*** 0.217*** 0.228*** 0.202*** 
 
(0.029) (0.030) (0.030) (0.031) (0.032) (0.033) (0.032) (0.033) 
Schools 7240 7240 6059 6059 5308 5308 5082 5082 
Students 606756 618263 641534 644834 653612 660725 658736 669895 
Robust standard errors clustered at the school level in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. 
Regressions also includes year effects, school fixed effects, individual and cohort means as controls.  
Source: Elaborated by the authors using SAEB (2009-2015). 
 
The estimations by school size, on the upper part of Table 3.5, indicate that higher 
proportions of female students lead to increases in achievement in all school sizes, for both 
Math and Portuguese. Also, by comparing the columns for each higher quartile of the 
                                                 
5 We exclude from these estimates all students with missing values for the SES index. 
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enrollment distribution, the effect is increasing for both genders. The fact that the highest 
quartiles have the greatest impact is especially interesting, since there isn’t much of a 
difference in the proportion of female students for each quartile6. This, therefore, provides 
evidence that larger schools, despite the higher standard deviations, are also important to the 
estimation of the mean effect. 
The bottom columns on Table 3.5, indicate that the effect is similar and positive on all 
quartiles of the school mean of the students’ socioeconomic status variable, for both Math and 
Portuguese. Hence, suggesting that the effect of the gender composition does not strongly rely 
on the socioeconomic background of the school’s students. The estimates for women, 
however, are lower when the school has the highest level of student background, for both 
Math and Portuguese, while the results for men do not seem to have a clear pattern as we 
move from the lowest to higher quartiles.  
We also investigate nonlinearities in the proportion of females on Table 3.6, following 
Lavy and Schlosser (2011), by replacing the treatment variable by quartile identifier dummies 
of the proportion of girls. Therefore, the source of variation necessary for the identification of 
these non-linear effects consists in the dynamics of the schools in switching from each 
quartile in the different years of our sample. Table 2A on the Appendix report summary 
statistics on each quartile and a matrix with information on the extent to which schools switch 
from quantile to quantile. It shows that there is substantial variance in the quantiles, for 
example, only 342 schools are in the first quantile on all four years of our sample, while 9,852 
appears on the first and second quantiles during the four year period. Overall, of the total7 
71,067 possible changes, 57,349 (80.7%) occurred. 
 
 
 
 
 
 
 
 
 
 
 
                                                 
6 The first quartile has, on average, 47.82% of females, while the last has 48.30%. 
7 Total possible changes are calculated multiplying the total number of schools (23,689) with the three remaining 
years it could switch quantiles. 
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Table 3.6 - Nonlinear estimates of the effect of the proportion of female students on achievement. 
  q2 q3 q4 
  Female Male Female Male Female Male 
Math 0.012*** 0.017*** 0.033*** 0.029*** 0.043*** 0.040*** 
 
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
Portuguese 0.016*** 0.015*** 0.030*** 0.024*** 0.046*** 0.037*** 
 
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
Range 0.442 - 0.481 0.481 - 0.519 0.519 – 1 
Mean 0.463 0.499 0.557 
Robust standard errors clustered at the school level in parentheses. * p < 0.10, ** p < 
0.05, *** p < 0.01. Regressions also includes year effects, school fixed effects, 
individual and cohort means as controls.  
Source: Elaborated by the authors using SAEB (2009-2015). 
 
The results on Table 3.6 indicate that the effect of the proportion of females increases 
as schools switch to higher quartiles, as compared to the first. The effects do not seem to 
differ by subject, as the estimates for each quartile and gender are very similar. A move from 
the first to the second quartiles increases Math achievement by 0.012 and 0.017 percentage 
points of a standard deviation, respectively, for girls and boys, while in Portuguese, this 
increase would be of 0.016 for girls and 0.015 for boys. 
 Nonetheless, as on Hoxby (2000), for Texas elementary students, and Lavy and 
Schlosser (2011), for high schools in Israel, the greatest estimated effect on achievement is 
from moving to the highest quartile, where girls are the strict majority. In our case, this raises 
Math scores by 0.043 percentage points of a standard deviation for girls and 0.04 for boys, 
while the Portuguese scores are raised by 0.046 and 0.037 percentage points of a standard 
deviation. 
 
3.3.4 Gender clustering schools 
 
Lastly, we ask whether the school’s classroom formation interfere with the main effect 
of the proportion of girls. In order to do that, we drop from our sample all the schools with 
only one classroom, and build an indicator variable for those schools that have a greater than 
the mean standard deviation of its gender composition across classrooms8. That is, we identify 
those schools that tend to cluster girls in different classrooms from boys. Therefore, by 
interacting this indicator variable with the proportion of girls we are able to go beyond the 
                                                 
8 Descriptive statistics of this variable is found on Table 3A, on the Appendix. 
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mean treatment effect and assess if the gender composition of the school’s classrooms 
interferes with it. 
 
Table 3.7 - Impact of school classroom gender composition on achievement. 
  Math Portuguese 
  Female Male Female Male 
proportion of girls 0.270
*** 0.270*** 0.284*** 0.253*** 
 
(0.018) (0.019) (0.017) (0.017) 
clustering school * proportion of girls 0.018
*** -0.008 0.015*** -0.004 
 
(0.004) (0.005) (0.004) (0.004) 
Schools 22822 22822 22824 22824 
Students 2692765 2785016 2693210 2785436 
Robust standard errors clustered at the school level in parentheses. * p < 0.10, ** p < 0.05, 
*** p < 0.01. Regressions also includes year effects, school fixed effects, individual and 
cohort means as controls.  
Source: Elaborated by the authors using SAEB (2009-2015). 
 
As we can see on Table 3.7, increasing the proportion of girls in schools that tend 
cluster girls and boys in different classrooms boosts achievement only for females. That is, 
increasing the number of girls where they already tend to be together further enhances the 
impact on achievement by 0.018 of a standard deviation in Math and 0.015 in Portuguese. 
Therefore, for girls, the total effect of having more females in schools that tend to cluster 
them together is around 0.3 standard deviations for both, Math and Portuguese. As for boys, 
the coefficient for the interaction with clustering schools is negative, but nonsignificant, 
indicating that a larger number of girls in such schools do not have an extra effect on 
achievement.  
Nonetheless, our findings imply that despite the fact that boys profit from coexistence, 
indicating that the gender composition also influences achievement, girls benefit even more if 
clustered together, thereby increasing school efficiency. Other authors in the peer effects 
literature find positive effects of grouping girls together. For example, Lu and Anderson 
(2015), who explore micro-environments in Chinese middle schools, find that being 
surrounded by classroom desks occupied by female peers increases female’s test scores, but it 
can have a potentially negative effect on males.  
This is an interesting result regarding public policies, since Brazilian public schools 
arrange students within classrooms mostly by taking into consideration only the age and the 
achievement of the students, and not their gender. It also adds on the previous results of this 
paper, since the gender composition of classrooms is more easily managed by the public 
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school authorities than the enrollment gender composition. Furthermore, one can point out 
that public policies may not be only interested in school efficiency, but also in equity. In this 
case, because clustering girls further benefit them, it could help narrow the gap in Math 
scores, as shown by the previous chapter of this thesis.  
Among the reasons why girls accrue extra benefits from being clustered together, as 
we already mentioned, is that a greater proportion of girls is associated with improvements in 
student behavior. Moreover, the literature also indicates that boys and girls have distinct 
learning processes, which affect teacher-pupil relationships, curricular content and assessment 
methods (TINKLIN et al., 2001) and these might further influence test scores. 
Moreover, we can confront our results to the literature regarding single-sex and 
coeducational schools. Jackson (2017) finds an increase in achievement, among other positive 
effects, for boys and girls from moving from a coeducational school to a single-sex school in 
Trinidad and Tobago. Yet, this is not a consensual result, as Strain (2013) finds evidence that 
offering single-sex classrooms to North Carolina students reduces the performance in 
mathematics, without any effect on reading scores. However, and closer to our case, Lee et. al 
(2014) find that Korean male students attending single-sex classes within coed schools score 
0.10 of a standard deviation below male students in mixed-gender classes, without any 
significant effect for females. Interestingly, they also find that male students attending single-
sex schools outperform their counterparts in mixed-gender classes. 
As it can be noticed, this is a hotly disputed literature. Unfortunately, our dataset do 
not allow us to move further and try to compare outcomes between single-sex and 
coeducational schools in Brazil, which therefore, remains a challenge for future works. 
However, our findings highlight that, at least once we consider coeducational schools, the 
formation of the gender mix of classes are important to increase school efficiency and equity, 
as it benefits especially women. 
 
3.4 CONCLUDING REMARKS 
 
In this paper we measured empirically if the assignment to a class with a higher 
proportion of girls influences 5th grade Math and Portuguese public school student 
achievement in Brazil. We investigated if whether this effect is influenced by school size, 
students’ socioeconomic background and by nonlinearities in the proportion of girls. We have 
also identified the schools that tend to cluster females and males in different classrooms, 
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which allowed us to assess whether this aspect of the classroom formation interfere with the 
main effect of the proportion of girls. 
Our estimates suggest that the proportion of girls positively affects Math and 
Portuguese test scores of boys and girls. In such a way that an additional 10% in the 
proportion of girls would lead to increases of 2.72 and 2.83 percent of a standard deviation on 
the average of the Math and Portuguese tests for women, and, for boys, the increase would be 
of 2.54 of a standard deviation for Math and 2.41 for Portuguese. 
These results for the effect of the proportion of girls, overall, are quite similar but, 
interestingly, for boys the larger coefficient is in Math, a subject that they tend to outperform 
girls. This, in turn, suggests that the gender peer effects are not solely associated with 
spillovers that arise from having higher achieving peers.  
Investigating heterogeneous effects, we stratified our sample into quartiles of the 
enrollment variable, in order to inquire if school size would influence the main estimates. The 
results indicate that the effect does not rely solely on the greater variation of the proportion of 
girls existent on small schools, as all of the quartiles displayed a positive and statistically 
significant influence of the proportion of girls on achievement. We have also stratified our 
sample into quartiles of the student’s socioeconomic index, identifying that the effect of the 
proportion of girls does not rely strongly with the background of the students. As to the 
nonlinearities, we found that the effect of the proportion of girls on achievement is increasing 
with higher proportions of females, and is especially strong when females are the majority 
within the school. 
Lastly, our results from the interaction of the mean treatment effect and those schools 
that tend to group girls and boys in different classrooms, indicate that it is not only having 
more girls in a school that is beneficial to achievement, but the actual coexistence between 
males and females also plays an important role in the improvement, especially for women. 
This, therefore, is not entirely shared by the literature on peer effects, and a more definitive 
evaluation of whether coeducational or single-sex schools are better for student achievement 
remains a challenge for future works. 
Yet, our findings highlight that once we consider coeducational schools, the formation 
of the gender mix of classes is important to increase school efficiency, as it benefits especially 
girls. This is an interesting result, especially in a country like Brazil, where the schooling 
system is composed of mostly coed schools that allocate students within classrooms 
predominantly by age and achievement, and not their gender. Moreover, since our findings 
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regards the reallocation of students, taking these findings into consideration can result in an 
effective and low cost measure aimed at increasing achievement.  
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3.6 APPENDIX 
 
 
Table 1A - Descriptive statistics. 
Cohort 
Avg SES Avg father 
Avg parents 
univ dg 
Avg race 
Avg num. of 
people 
Female Male Female Male Female Male Female Male Female Male 
2009 0,020 0,109 0,704 0,721 0,192 0,209 0,382 0,381 3,691 3,699 
2011 0,025 0,108 0,805 0,826 0,212 0,235 0,369 0,367 3,686 3,698 
2013 0,026 0,098 0,688 0,705 0,220 0,241 0,373 0,371 3,923 3,892 
2015 0,023 0,075 0,704 0,721 0,255 0,273 0,347 0,348 3,900 3,875 
All 0,023 0,098 0,726 0,744 0,219 0,238 0,368 0,367 3,793 3,785 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Table 2A - Descriptive statistics of the quartiles of the proportion of females. 
  q1 q2 q3 q4 
Range 0 - 0.442 0.442 - 0.481 0.481 - 0.519 0.519 - 1 
Mean 0.405 0.463 0.499 0.557 
Median 0.413 0.463 0.500 0.548 
Students 1451387 1454291 1448863 1450703 
School Transition Across Quartiles 
  q1 q2 q3 q4 
q1 342 9852 9473 10687 
q2 
 
83 8475 9439 
q3 
  
56 9423 
q4       205 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Table 3A - Proportion of girls for clustering and nonclustering schools. 
Cohort 
Proportion of girls 
clustering schools 
Proportion of girls 
noncluster. schools 
 
Female Male Female Male 
2009 0.488 0.476 0.488 0.477 
2011 0.487 0.473 0.487 0.475 
2013 0.485 0.471 0.487 0.473 
2015 0.488 0.474 0.489 0.476 
All 0.487 0.474 0.488 0.475 
Schools 21,606 20,602 
Students 2,845,888 2,959,356 
Source: Elaborated by the authors using SAEB (2009-2015). 
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4 CLASSROOM CLIMATE THE INFLUENCES OF GIRLS 
 
In the previous chapter of this thesis, we found evidence that schools with a higher 
proportion of girls show higher scores of Math and Portuguese in Brazil. Moreover, we also 
identified that these effects are larger for Math, a subject that girls tend to be outperformed by 
boys, thereby, suggesting that the gender peer effects are not exclusively associated with 
spillovers that arise from having higher achieving peers. Hence, now, we investigate the 
influences of the gender composition on student behavior and on the relationship between the 
students and their teachers. 
 
4.1 INTRODUCTION 
 
There are two main ways that the composition of a classroom might influence 
learning. First, by the congestion effects, which are negative externalities created when one 
student impedes the learning of all other classmates (LAZEAR, 2001). This effect, in the 
gender context, can take place when a more disruptive boy is replaced by a girl, or when girls 
exert such an influence that reduces the chances of boys to misbehave. Second, teachers may 
treat boys and girls differently, in such a way that this influences grading, the content and the 
organization of what is taught (DEE, 2006; LAVY, 2008; CORNWELL et al., 2011). 
We, therefore, explore a national representative sample of Brazilian 5th grade schools 
in order to assess if the gender composition, measured by the proportion of girls at school, 
influences teachers’ expectations over the students’ academic progress, and their perception 
of the classroom climate, violence, as well as their pedagogical methods. Despite not being 
able to distinguish among the two mentioned different paths through which the peer effects 
can take place, our analysis helps to elucidate the drivers of the positive influences that girls 
have on other student’s achievements. 
The literature on gender differences in school outcomes emphasizes that girls begin 
school with more advanced social and behavioral skills, and that this advantage grows over 
time, reducing the costs of schooling, explaining, in part, why girls tend to outnumber boys at 
higher levels of education (DIPRETE, JENNINGS, 2009; BECKER et al., 2010). Moreover, 
having a poor family background tends to be especially harmful for boys, as even when 
compared to their siblings, they perform worst on tests and have higher rates of absence and 
behavioral problems (AUTOR et al., 2016; CHETTY et al., 2016). In a closely related paper, 
Lavy and Schlosser (2011) find evidence of non-cognitive benefits of higher proportions of 
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girls on Israeli students’ outcomes, such as violence and disruptive behavior. However, 
besides focusing on a different set of questions, their estimates are based on students’ views 
about the classroom climate, which may or may not be aligned with the teachers’ perception. 
Our results indicate that the benefits of having a greater proportion of girls are mainly 
through improvements in student behavior, which reflects less violence, greater teacher 
expectations over the student’s academic future, and facilitates classroom progress. These 
results suggest new ways of increasing school efficiency, in a country that already performs 
below OECD average, and worse than countries with similar expenditure per student (OECD, 
2016). 
This paper is structured as follows. The next section describes our empirical strategy, 
discusses the data and the construction of the sample used throughout the analysis. Section 3 
starts exhibiting evidences of the validity of our identification strategy, than presents our main 
estimates of gender composition on classroom climate, teacher’s expectations and student 
behavior. Section 4 presents the concluding remarks. 
 
4.2 IDENTIFICATION STRATEGY 
 
As in the previous chapter of this thesis, we use school fixed-effects to assess the 
influence of the proportion of girls at the school level, but this time with the different 
measures of classroom climate and student behavior taken from the teachers’ questionnaire. 
The basic idea behind the school level fixed-effects identification strategy is to explore the 
fact that there is some idiosyncratic and exogenous variation in the gender peer composition 
of the adjacent 5th grade cohorts within a school. That is, it uses repeated observations on 
schools to control for unobserved and unchanging characteristics that are related to both 
measures of classroom climate and gender composition. Additionally, we also include average 
teacher and cohort characteristics to the control variables in order to provide a proper 
identification of the relationship between proportion of girls and classroom climate, as they 
might act as confounders of the casual effect we are trying to estimate. 
In accordance with the above, we estimate the following reduced-form equation: 
 
?̅?𝑠𝑡 = 𝛼𝑠 + 𝜏𝑡 + 𝜆𝑃𝑠𝑡 + 𝜃?̅?𝑠𝑡 + 𝜀𝑠𝑡 4.1 
 
Where s denotes the schools, and t time. 𝑦𝑠𝑡 is the school average of the indicator 
variable built from the teachers’ answers to relevant questions in the inquiry; 𝛼𝑠 and 𝜏𝑡 are the 
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school and time effects, respectively; 𝑃𝑠𝑡 is the gender peer effect variable, which corresponds 
to the proportion of girls in 5th grade for each school; ?̅?𝑠𝑡 consists of the average school 
cohort controls, also used in the previous chapter, which are race (white or non-white), a 
socioeconomic status index (SES), the number of people living in the student household, and 
dummies for the cases where the father lives with the student, and if at least one of the parents 
graduated from university, as well as the school enrollment and enrollment squared; it also 
contains the school averages of the teacher characteristics, that is, if whether the teacher has a 
graduate degree, a postgraduate degree, if he works in any other activity besides teaching, if 
he has more than 10 years of experience being a teacher, works more than 40 hours per week 
and a dummy indicating if he has a permanent teaching contract with the school; 𝜀𝑠𝑡 is the 
error term. 
 
4.2.1 Data 
 
This paper uses four cohorts of the Brazilian Ministry of Education assessment of 
Math and Portuguese learning for 5th grade public school students (2009, 2011, 2013 and 
2015). This assessment is biannual, and includes questionnaires for principals, teachers, 
schools and students. In order to gather the variables used as control in our estimates, we use 
the Students questionnaire to build the school cohort means, as described above, and the 
Teachers questionnaire to obtain their expectations and beliefs about students’ progress in 
school, as well as their perception of student behavior, violence, work satisfaction and on the 
pedagogical methods. We also match the dataset from these four assessments to the 
corresponding Brazilian Education Census, in order to obtain data on enrollment and on the 
percentage of girls at the 5th grade school level, which is the variable of interest in the study. 
The final sample only takes into account Math and Portuguese teachers in mixed 
gender regular education schools that appear during all the years of the assessment. We also 
exclude schools that base their admission criteria on an exam, as this is a source of selection, 
which could bias our estimates. Also, in order to avoid changes in the gender composition that 
might be a result of structural changes in the school, we drop schools that have an annual 
enrollment lower than 10 students, and those that experienced a change in enrollment of 80% 
or more between two consecutive years.  
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Table 4.1 - Descriptive statistics by cohort. 
Cohort Schools Teachers 
% of 
girls 
2009 20,824 55,686 0.481 
2011 20,824 89,020 0.479 
2013 20,824 65,390 0.477 
2015 20,824 88,992 0.481 
All 20,824 299,088 0.480 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Table 4.1 shows sample size, the number of schools, teachers and the average 
proportion of girls by cohort. It can be seen that the sample has almost 300 thousand teachers, 
in 20,824 schools. The variation in the number of teachers on each cohort is explained by 
missing valid questionnaires, as the number of students is fairly stable across the years19. The 
mean proportions of girls in all of the cohorts are slightly below 50%, without any noticeable 
time trend.  
As to the independent variables used in this study, we gathered over thirty questions in 
the teachers’ questionnaire that relate to classroom climate, separating them by topics, which 
are: teacher expectations; teacher performance and job satisfaction; teacher perceptions about 
student behavior; teacher violence exposure; and, teacher pedagogical methods. Since they are 
mostly yes or no questions, we transform them into dummy variables and calculate the yearly 
school average of each, creating an indicator that stands between 0 and 120. 
 
4.3 RESULTS 
 
This subchapter displays the results of the present essay. 
 
4.3.1 Evidences on the validity of the identification strategy. 
 
We use the same identification strategy as in the third chapter of the present thesis. As 
mentioned and described before, this strategy relies on cohort-to-cohort gender composition 
variability within schools to obtain precise estimates of the gender peer effects. Since now we 
are interested on the distinct measures of classroom climate, this subsection presents 
complementary tests needed to further validate this identification. 
                                                 
19 See Table 3.1 from the previous chapter of this thesis. 
20 Descriptive statistics for these variables are in Table 1A in the Appendix. 
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 First, in order to examine if there is sufficient variation within schools, Table 4.2 
report the variance decomposition of the proportion of females on our final sample, 
highlighting that 67% of the variance is within schools. 
 
Table 4.2 - Decomposition of variance in the proportion of female students. 
  
Sum of 
squares 
Share of 
total 
Df 
Between 373.013 32.90% 20823 
Within 760.831 67.10% 278264 
Total 1133.844     
Source: Elaborated by the authors using SAEB (2009-2015). 
 
In addition to this substantial within school variance, the correlation between the 
standard deviation of the proportion of girls21 in each school and its average enrollment, 
shows that smaller schools account for the majority of the variance, but there is still 
significant variability in schools whose average 5th grade enrollment is up to 300 students.  
Another concern with the identification strategy is to whether this within school 
variation in the proportion of female students is indeed random. If somehow unobserved 
characteristics, as well as, characteristics of the students, teachers, parents and schools 
influence the gender composition of a cohort within a school, the estimated peer effects will 
be biased. In this regard, we assume that parents are not able to predict the gender 
composition of their child’s cohort and hence, are not able to respond to it. This is 
corroborated by the fact that we use a national representative sample of public schools, which 
corresponds to 80% of the enrollment in elementary schools in Brazil, and that the majority of 
these schools have the place of residence as main admission criteria. Both these features 
diminish the possibility that any unobserved characteristic will influence the gender 
composition of a cohort within a given school.  
In addition, on Table 4.3 we test whether the proportion of female students within 
schools is correlated with any of the teachers’ characteristics we use in our final model. We 
perform this balancing test by estimating separate regressions of the treatment variable on 
each of the controls using School Fixed Effects (SFE) and Ordinary Linear Squared (OLS), as 
a benchmark for comparison. 
 
 
                                                 
21 Not shown due to its similarity to Figure 3.1 on the previous chapter. 
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Table 4.3 - Balancing tests for the proportion of female students and teacher characteristics. 
  
OLS SFE   OLS SFE 
graduate dgr 0.002544*** -0.000191 +10yrs experience 0.002023*** 0.000456 
 
(0.000407) (0.000315) 
 
(0.000383) (0.000320) 
Postgraduate 0.000982*** 0.000135 type of contract 0.001767*** 0.000368 
 
(0.000375) (0.000316) 
 
(0.000360) (0.000298) 
other activity 0.000280 -0.000180 + 40hr/week -0.000104 -0.000236 
  (0.000358) (0.000300)   (0.000352) (0.000284) 
Robust standard errors clustered at the school level in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. All 
regressions include year dummies. 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Observing the coefficients from each estimate, it becomes clear that under Ordinary 
Least Squares most of the observable teacher characteristics are correlated with the proportion 
of females, the exception being having another activity besides teaching and working more 
than 40 hours per week. Nonetheless, these correlations became statistically insignificant 
when we look within schools, with the addition of School Fixed Effects. Thus, showing that 
once we include school dummies in the model, most of the sorting and selection are 
accounted for, thus, enabling a proper identification of the effect of the proportion of girls. 
 
4.3.2 Teacher expectations 
 
After analyzing the feasibility of the identification strategy in the last subsection, we 
present the results of our estimates. As mentioned, we focus on over thirty questions in the 
teachers’ questionnaire that relate to classroom climate, separating them by topics, which are: 
teacher expectations; teacher performance and job satisfaction; teacher perceptions about 
student behavior; teacher violence exposure; and, teacher pedagogical methods. 
Table 4.4 reports the effects of the proportion of female students on 5th grade teacher 
expectations about his classroom students, namely, if whether he or she feels that more than 
half of his 5th grade students are going to graduate from elementary school, high school and 
will attend a college degree. Each cell in the table shows the estimated coefficient, and its 
corresponding standard deviations, from separate regressions. We also present OLS estimates 
on Column 1, and a version of our SFE model on Column 2, without controlling for teachers 
and cohort characteristics. 
 
 
65 
 
Table 4.4 - Estimation of the effect of proportion of female students on teachers expectations. 
 
(1) (2) (3) 
Finish elementary school 0.064*** 0.047*** 0.041** 
 
(0.017) (0.016) (0.016) 
Finish high school 0.145*** 0.089*** 0.086*** 
 
(0.020) (0.021) (0.022) 
Attend college 0.256*** 0.143*** 0.147*** 
 
(0.028) (0.028) (0.028) 
Year effects    
SFE 
 
  
Teacher controls 
  
 
Cohort controls 
  
 
Robust standard errors clustered at the school level in parentheses * p < 
0.10, ** p < 0.05, *** p < 0.01. 
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Table 4.4, indicates that regardless of the complexity of the model we estimate, the 
proportion of girls in school tend to influence positively all measures of teacher expectations 
regarding his students’ progress. The effects seem stronger for finishing high school and 
attending college, leading, respectively, to 0.041 and 0.147 increases on average teacher’s 
expectance. In order to assess if these expectations are affected by the gender of the teacher, 
as evidenced by Dee (2007), we separate our sample and estimate two distinct models22 for 
each gender, but no statistical significant difference was found. 
These results, in our understanding, provide the first set of evidence that teaching 
environment improves with the proportion of girls. A conclusion shared with Lavy and 
Schlosser (2011), who found positive spillovers from female peers in the quality of the 
teacher-student relationship. However, since our database refers to teachers’ opinions, the 
results should not be taken as definite, as they may be reflecting teachers’ stereotypes, which 
may constitute an important factor on student academic lives and even have long lasting 
consequences (FENNEMA et al., 1990; FIGLIO, 2005; LAVY, 2008; LAVY, SAND, 2015). 
Despite the fact that we cannot rule this possibility out entirely, we have reasons to believe 
that at least part of this effect we are capturing is due to a better class climate, as it will 
become clear below, when we analyze other measures of this same issue. 
 
 
 
                                                 
22 We estimated conditional logit models, grouped by school and controlling for teachers and cohort 
characteristics. 
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4.3.3 Teachers’ perception about student behavior 
 
In order to measure the relationship between gender and student behavior, we use four 
questions about the teachers’ perception that learning problems in his classroom occur due to 
student low self-esteem, disinterest, indiscipline or absenteeism. The results are shown on 
Table 4.5. 
 
Table 4.5 - Estimation of the effect of the proportion of female students on teacher perceptions about 
student behavior. 
  (1) (2) (3) 
student low self-esteem -0.143*** -0.061** -0.060** 
 
(0.027) (0.026) (0.026) 
student disinterest -0.076*** -0.041** -0.044** 
 
(0.016) (0.018) (0.019) 
student indiscipline -0.245*** -0.195*** -0.194*** 
 
(0.027) (0.026) (0.026) 
student absenteeism -0.218*** -0.088*** -0.096*** 
 
(0.027) (0.028) (0.029) 
Year effects    
SFE 
 
  
Teacher controls 
  
 
Cohort controls      
Robust standard errors clustered at the school level in parentheses. * p < 
0.10, ** p < 0.05, *** p < 0.01.  
Source: Elaborated by the authors using SAEB (2009-2015). 
 
The estimates indicate that the proportion of girls is associated with an improvement 
in all measures of student behavior, especially indiscipline and absenteeism. This evidence 
not only reinforces the ones from Table 5.4, above, but it is also consistent with Figlio (2007) 
and Blank e Shavit (2016), who emphasize that a disruptive classroom climate have negative 
effects on the learning process and lower achievement. In Brazil, instructional time is an 
important issue. Bruns, Evans and Luque (2011) point out that in Brazilian schools time spent 
on instruction is below 66%, while time spent on classroom management is much higher than 
in OECD countries. This, therefore, consists of one of the biggest challenges the country 
needs to overcome in the pursuit of a better education.  
In accordance with our results are the literature on the gender differences in behavioral 
and non-cognitive skills, such as Bertrand and Pan (2013), Becker et al. (2010) and DiPrete 
and Jennings (2009), who point out that girls begin school with more advanced social and 
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behavioral skills, an advantage that grows over time, having long term consequences on 
education. 
  
4.3.4 Teacher performance and job satisfaction 
 
To further investigate the effects of the gender composition, we consider three 
questions about the teachers’ performance and job satisfaction. That is, if whether he or she 
was able to cover more than 80% of the syllabus during this school’s calendar year, and if she 
feels that the learning problems among her students are due to her job stress, which makes 
difficult to plan and prepare her class, or if whether she feels dissatisfied and discouraged by 
her profession. The relationship between these answers and the proportion of girls are shown 
below, on Table 4.6.  
 
Table 4.6 - Estimation of the effect of proportion of female students on teachers’ performance and job 
satisfaction. 
  (1) (2) (3) 
+80% syllabus 0.407*** 0.155*** 0.150*** 
 
(0.030) (0.026) (0.027) 
teacher work burnout 0.008 0.043* 0.038 
 
(0.025) (0.025) (0.025) 
teacher dissatisfaction -0.043* 0.008 0.008 
 
(0.024) (0.025) (0.026) 
Year effects    
SFE 
 
  
Teacher controls 
  
 
Cohort controls      
Robust standard errors clustered at the school level in 
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.  
Source: Elaborated by the authors using SAEB (2009-2015). 
 
The results from our estimates indicate that a greater percentage of girls at school 
positively affect teachers capacity to cover the syllabus, as indicated by the teachers’ school 
average response to the inquiry of whether they managed to teach more than 80% of the 
syllabus. This result builds on the evidence that girls lead to a better classroom climate and, 
therefore, combined with Table 4.4 results, provides a clearer evidence of the positive 
classroom climate spillovers of having more girls. This leads us to further investigate the 
reasons behind this positive relationship between classroom climate and gender composition, 
as we look at student behavior and violence indicators in the next two subsections.  
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Nonetheless, we do not find evidence in our model that relates the proportion of girls 
to teacher work satisfaction or job stress and burnout. This is in contrast with Lavy and 
Schlosser (2011), who focus on Israel educational data, and find a negative relationship 
between them. 
 
4.3.5 Teacher violence exposure 
 
We also explore teachers’ exposure to violence at school. First, by compiling the 
answers over a more direct connection, that is, if the teacher was a victim of theft, armed 
robbery, or if he or she had his life threatened, or was threatened by a student inside the 
school. In another part of the inquiry, we are able to gather information about the exposure to 
violence through the students’ conduct, exploring answers to if the students attended class 
under the effect of alcohol, drugs or either carrying melee weapons or fire arms.  
 
Table 4.7 - Estimation of the effect of proportion of female students on teachers’ violence exposure. 
  (1) (2) (3)   (1) (2) (3) 
life-threat. -0.011 -0.008 -0.011 stud. alcohol -0.035*** -0.016 -0.021 
 
(0.007) (0.012) (0.012) 
 
(0.011) (0.015) (0.015) 
Theft -0.009 -0.008 -0.005 stud. drugs -0.025 -0.025* -0.027** 
 
(0.010) (0.015) (0.016) 
 
(0.017) (0.013) (0.014) 
armd robbery 0.012* 0.013 0.012 stud. weapon -0.036*** -0.019 -0.026** 
 
(0.007) (0.012) (0.013) 
 
(0.009) (0.013) (0.013) 
threatened -0.106*** -0.090*** -0.092*** std fire arms -0.009 -0.006 -0.008 
 
(0.013) (0.017) (0.017) 
 
(0.008) (0.011) (0.012) 
Year effects    Year effects    
SFE 
 
  SFE 
 
  
Teach. cont. 
  
 Teach. cont. 
  
 
Cohort cont. 
  
 Cohort cont. 
  
 
Robust standard errors clustered at the school level in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.  
Source: Elaborated by the authors using SAEB (2009-2015). 
 
Our results indicate that a higher proportion of girls is associated with lower exposure 
to violence, as measured by the negative relationship with teachers’ average response of being 
a victim of threats by their students and by having less students attending class carrying a 
melee weapon or under the effect of drugs. These results are closely related to the literature on 
the gender differences in behavioral and non-cognitive skills, where boys tend to be more 
disruptive (BERTRAND, PAN, 2013), in such a way that, as highlighted in the previous 
subsections, girls tend to increase classroom climate. 
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Nonetheless, violence is a major problem in Brazil, studies that relate it to school 
outcomes have found that it directly reduces achievement, and is also associated with higher 
teacher and principal absenteeism, turnover, and to temporary school closings, which 
exacerbate its negative direct impact (DALCIN, 2016; SEVERNINI; FIRPO, 2010; 
MONTEIRO; ROCHA, 2013). Other factors related to violence in schools are its 
surroundings, students’ background and teacher quality (TAVARES; PIETROBOM, 2016; 
BECKER; KASSOUF, 2012). 
Overall, the results regarding our measures of student behavior indicate that a higher 
share of females in school generate improvements in student behavior, which reflects in less 
violence, greater teacher expectations over the student’s academic future, and improves the 
teaching environment. Aligning this result with the previous chapter of this thesis, we 
generate evidences that the gender mix should be directly taken into consideration when 
school authorities decide classroom composition. The same can be said about the teachers 
allocation, as those who are better prepared to deal with behavioral problems could be 
assigned to classes that have a higher proportion of boys. This is an interesting result, 
especially in a country like Brazil, where most of the schools allocate students within 
classrooms by taking into consideration only the students’ age and achievement, and not their 
gender. Moreover, on a wider perspective, the country should welcome policies aimed 
towards boys, as they are associated with a range of issues, regarding behavior, violence and 
school progress. 
 
4.3.6 Teacher pedagogical methods. 
 
Lastly, we investigate if there is any relationship between the proportion of girls and 
some key pedagogical methods applied by the teachers. For that, we use conditional logit 
models, grouped by the schools in order to assess separately if Math and Portuguese teachers 
implement any one of the distinct pedagogical methods evaluated in the inquiry.  
 
 
 
 
 
 
70 
 
Table 4.8 - Relationship between the proportion of girls and pedagogical methods utilized by teachers, 
separated by subject. 
Math Teachers Portuguese Teachers 
familiar situations for students 0.135 copy texts from books or blackboard -0.114 
 
(0.157) 
 
(0.139) 
reinforce procedures and rules 0.243 discuss texts from papers & magaz. -0.036 
 
(0.163) 
 
(0.123) 
discuss solutions 0.209 use papers & magazines for grammar 0.033 
 
(0.206) 
 
(0.122) 
memorize rules to solve exercises 0.186 read chronicles, poetry & novels -0.114 
 
(0.151) 
 
(0.141) 
content from papers & magazines -0.058 use poetry and novels for grammar 0.060 
 
(0.125) 
 
(0.131) 
discuss methods -0.056 reinforce grammar concepts 0.171 
 
(0.207) 
 
(0.128) 
try new actions to solve exercises 0.184 
  
 
(0.135) 
  Year effects  Year effects 
SFE  SFE 
Teacher controls  Teacher controls 
Cohort controls  Cohort controls 
Robust standard errors clustered at the school level in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.  
Source: Elaborated by the authors using SAEB (2009-2015). 
 
The estimated results indicate that there is no influence of the proportion of girls in 
any of the teaching methods inquired, regardless of the subject. Therefore, we provide 
evidence that teaching methods are not necessarily related to gender class or school 
composition. However, the fact that teachers do not change the way they conduct a class 
based on gender, does not eliminate the possibility that teachers can play an important role in 
shaping gender interactions or even display stereotype bias, which can contribute to the 
gender gap on achievement (DEE, 2007; FENNEMA et al.,1990). These latter effects, despite 
consisting in interesting research questions, remain a challenge for future work, as it 
extrapolates the objective of this paper. 
 
4.4 CONCLUDING REMARKS 
 
This paper aimed at identifying the influences of girls on classroom climate and 
student behavior. It builds upon the evidence that the proportion of girls at school contributes 
mostly towards other students’ Math achievement, a subject that girls tend to be outperformed 
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by boys, which, in turn, suggests that the gender peer effects goes beyond the traditional 
concept of spillovers that arise from having higher achieving peers. 
Exploring a national representative sample of Brazilian 5th grade schools, we find that 
the benefits of having a greater proportion of girls are mainly through improvements in 
student behavior, which reflects less violence, greater teacher expectations over the student’s 
academic future, and facilitates classroom progress. The association of boys with these issues 
also highlights the need for policies aimed towards the improvement of their condition. 
Moreover, we did not find any evidence of the relationship between different teaching 
methods and the proportion of girls. This, however, does not eliminate the possibility that 
teachers might influence gender interactions and produce stereotype bias. 
In terms of educational public policies, our findings indicate that, since the proportion 
of girls positively influences behavior, and therefore achievement, the gender composition of 
classrooms and schools should be taken into consideration in the decision regarding the 
placement of low achievers and student with behavioral problems. Moreover, teachers who 
are better prepared to deal with behavioral problems could be assigned to classes that have a 
higher proportion of boys. 
In sum, this paper brings forth evidences that the gender mix should be directly taken 
into consideration when school authorities decide classroom composition and the allocation of 
teachers to classrooms. This could result in a low cost measure aimed at increasing school 
efficiency, in a country that already performs poorly on achievement tests, even when 
compared to similar countries. 
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4.6 APPENDIX 
 
Table 1A - Descriptive statistics of teachers’ perception of classroom climate. 
Variable/Topic Mean 
Std. 
Dev. 
Min Max 
Teacher Expectations 
Attend college 0.420 0.402 0 1 
Finish elementary school 0.769 0.388 0 1 
Finish high school 0.703 0.402 0 1 
Teacher Performance and Job Satisfaction 
80% Syllabus 0.473 0.403 0 1 
Teacher work burnout 0.299 0.358 0 1 
Teacher dissatisfaction 0.273 0.343 0 1 
Teachers' Perception of Student Behavior 
Student low self-esteem 0.692 0.356 0 1 
Student indifference 0.870 0.255 0 1 
Student indiscipline 0.644 0.374 0 1 
Student absenteeism 0.413 0.388 0 1 
Teacher Violence Exposure 
Teacher victim of life-threatening situation 0.026 0.136 0 1 
Teacher victim of theft 0.048 0.168 0 1 
Teacher victim of armed robbery 0.030 0.153 0 1 
Teacher threatened by student 0.089 0.230 0 1 
Student attended class under alcoholic influence 0.093 0.252 0 1 
Student attended class under drugs influence 0.048 0.180 0 1 
Student carrying melee weapon in class 0.049 0.174 0 1 
Student carrying fire arms in class 0.041 0.173 0 1 
Teacher Pedagogical Methods 
Copy texts from books or blackboard 0.680 0.383 0 1 
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Variable/Topic Mean 
Std. 
Dev. 
Min Max 
Use familiar situations for students 0.823 0.298 0 1 
Discuss texts from papers & magazines 0.682 0.366 0 1 
Use papers & magazines for grammar 0.653 0.375 0 1 
Read chronicles, poetry & novels 0.759 0.347 0 1 
Use poetry and novels for grammar 0.678 0.377 0 1 
Reinforce grammar concepts 0.658 0.382 0 1 
Reinforce procedures and rules 0.843 0.283 0 1 
Discuss solutions 0.893 0.243 0 1 
Memorize rules to solve exercises 0.744 0.356 0 1 
Content from papers & magazines 0.594 0.397 0 1 
Discuss methods 0.896 0.241 0 1 
Try new actions to solve exercises 0.728 0.354 0 1 
Source: Elaborated by the authors using SAEB (2009-2015). 
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5 CONCLUDING REMARKS AND POLICY IMPLICATIONS 
 
This thesis aimed at analyzing the role of gender on scholastic achievement in Brazil, 
emphasizing inequalities and peer effects. It starts describing the issue of gender inequality, 
especially among 5th and 9th graders, illustrating that sex differences in test scores in Brazil 
usually benefit boys relative to girls in math, the opposite of what happens in literacy. Also, 
this brief description highlights that these gender differences is wider in 9th grade than in 5th 
grade.  
This, therefore, is the main topic of our first paper, in the second chapter of the thesis, 
which aims at identifying the factors associated with gender test scores differences in Brazil. 
It finds that most of these differences are related to the background characteristics of the 
students, but it is not due to differences in the characteristics themselves, as it is more related 
to the way boys and girls translate their background characteristics into achievement, as 
identified by the unexplained component of the Oaxaca-Blinder decomposition. We are also 
able to verify that in all percentiles boys and girls tend to perform relatively more equally in 
Math than in Portuguese, and on 5th grade than on 9th, even after controlling for students, 
teachers and schools characteristics. On the policy perspective, this first paper indicates that a 
more efficient policy aiming at the reduction of gender test score differences should look 
beyond resources. It also reduces the role played by teachers and schools in narrowing these 
test score differences. However, despite the fact that we are able to disentangle the gender gap 
and point out some important contributors of this difference with the covariates in our dataset, 
most of the gap is still due to the intercept, and therefore require additional investigations. 
The second paper of this thesis, in chapter three, investigates gender peer effects 
among 5th grade public school students in Brazil. It analyzes if the assignment of a student to 
a school with a higher proportion of girls influences Math and Portuguese achievement. It 
also investigates if this effect is influenced by school size, students’ socioeconomic 
background, nonlinearities in the proportion of girls and it also looks at classroom gender 
composition, identifying those schools that tend to overly allocate boys and girls to different 
classes in order to verify if this also influences achievement. Our findings indicate a positive 
causal relationship between the proportion of girls and achievement for both genders and on 
both subjects, especially for Math. Moreover, we also find that girls’ achievements are higher 
when they attend schools with classes that tend to segregate the two genders, implying that 
despite both genders profit from coexisting, girls benefit even more if clustered together. 
Therefore, it is not only having more girls in a school that is beneficial to achievement, but the 
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actual coexistence between males and females also plays an important role in test score 
improvement, especially for women.  
On the third paper of this thesis, in chapter four, we investigate the mechanisms 
through which girls positively affect test scores. For that, we relate school average teacher 
expectations over the students’ academic progress, and their perception of the classroom 
climate, violence, as well as their pedagogical methods with the school gender composition. 
Our findings highlight that the benefits of having a greater proportion of girls at school are 
mainly through improvements in student behavior, which reflects in less violence, greater 
teacher expectations over the student’s academic future, and facilitates classroom progress. In 
terms of public policies, the last two chapter of this thesis brings forth evidences that are 
capable of increasing school efficiency and equity in test scores, as it benefits especially girls. 
As the proportion of girls positively influences behavior, and therefore achievement, the 
gender composition of classrooms and schools should be taken into consideration in the 
decision regarding the placement of low achievers and student with behavioral problems. 
Moreover, teachers who are better prepared to deal with behavioral problems could be 
assigned to classes that have a higher proportion of boys. Nonetheless, this association of 
boys with violence and other behavioral issues also highlights the need for policies aimed 
towards the improvement of their conditions. 
These are interesting results, especially in a country like Brazil, where the schooling 
system mostly allocate students within classrooms by age and achievement, and not their 
gender. Therefore, taking these findings into consideration can result in an effective and low 
cost measure aimed at increasing achievement.  
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